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A compound of the general chemical formula of claim 1 
wherein Q is a sugar and X=N; a nucleoside/nucleotide 
analogue comprising such a compound; a polynucleotide chain 
comprising such a nucleoside analogue; a chain extension 
method which comprises reacting such a polynucleotide chain 
and a method of detecting a nucleic acid which contains the 
aforementioned compound. 
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A compound of the general chemical formula of claim 1 
wherein Q is a sugar analogue and X=CH, provided that Q is 
not a sugar; a nucleoside/nucleotide analogue comprising 
such a compound; a polynucleotide chain comprising such a 
nucleoside analogue; a chain extension method which 
comprises reacting such a polynucleotide chain and a method 
of detecting a nucleic acid which contains the 
aforementi oned compound . 
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A compound of the general chemical formula of claim 1 
wherein Q is a sugar analogue and X=N, provided that Q is 
not a sugar; a nucleoside/nucleotide analogue comprising 
such a compound; a polynucleotide chain comprising such a 
nucleoside analogue; a chain extension method which 
comprises reacting such a polynucleotide chain and a method 
of detecting a nucleic acid which contains the 
aforementioned compound. 



5. Claims: 1-15 (partially) 

A compound of the general chemical formula of claim 1 
wherein Q is a nucleic acid backbone and X=CH, provided that 
Q is neither a sugar nor a sugar analogue; a 
nucleoside/nucleotide analogue comprising such a compound; a 



page 1 of 2 



I 



' International Application No. PCT/GB 00/03301 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



polynucleotide chain comprising such a nucleoside analogue; 
a chain extension method which comprises reacting such a 
polynucleotide chain and a method of detecting a nucleic 
acid which contains the. aforementioned compound. 



6. Claims: 1-15 (partially) 

A compound of the general chemical formula of claim 1 
wherein Q is a nucleic acid backbone and X=N, provided that 
Q is neither a sugar nor a sugar analogue; a 
nucleoside/nucleotide analogue comprising such a compound; a 
polynucleotide chain comprising such a nucleoside analogue; 
a chain extension method which comprises reacting such a 
polynucleotide chain and a method of detecting a nucleic 
acid which contains the aforementioned compound. 



7. Claims: 1-15 (partially) 

A compound of the general chemical formula of claim 1 
wherein Q is a nucleic acid backbone analogue and X=CH, 
provided that Q is neither a sugar nor a sugar analogue nor 
a nucleic acid backbone; a nucleoside/nucleotide analogue 
comprising such a compound; a polynucleotide chain 
comprising such a nucleoside analogue; a chain extension 
method which comprises reacting such a polynucleotide chain 
and a method of detecting a nucleic acid which contains the 
aforementioned compound. 



8. Claims: 1-15 (partially) 

A compound of the general chemical formula of claim 1 
wherein Q is a nucleic acid backbone analogue and X=N, 
provided that Q is neither a sugar nor a sugar analogue nor 
a nucleic acid backbone; a nucleoside/nucleotide analogue 
comprising such a compound; a polynucleotide chain 
comprising such a nucleoside analogue; a chain extension 
method which comprises reacting such a polynucleotide chain 
and a method of detecting a nucleic acid which contains the 
aforementioned compound. 
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NUCLEOSIDE ANALOGUES 

5 Introduction 

The present invention relates to compounds suitable for use 
as nucleoside analogues, and to polynucleotide chains comprising 
nucleoside analogues. 

Nucleic acids are manipulated in vitro in a wide variety of 

10 research and diagnostic techniques. The methods can involve the 

synthesis of nucleic acid probes by means of DNA or RNA polymerase, 
reverse transcriptase or terminal transferase enzymes for the purposes of 
labelling or determination of base sequence identity. Labelling often 
involves the incorporation of a nucleotide which is chemically labelled or 

is which is of a particular chemical composition so as to make it 
detectable. Nucleic acid probes made in this way can be used to 
determine the presence of a nucleic acid target which has a 
complementary sequence by means of hybridisation of the probe to the 
target. 

20 In WO 94/21658 T I Kalman describes novel nucleoside or 

nucleotide analogues having a 4-acetylimidazolin-2-one base and their use 

for inhibiting virally encoded reverse transcriptases. 

In Z Naturforsch B, 1986, 41b (12), 1571-9, T Fukuda et al y 

describe the effect of incorporation of nucleoside analogues having an 
25 imidazolin-2-one base as both T and G in DNA duplexes. 

In Tetrahedron Letters, 40 (1999), 835-838, E Bedu etal 

describe the preparation of a nucleoside analogue having a 

4-amidoimidazolin-2-one base and used as a cytosine analogue in triple 

helix forming oligonucleotides. 
30 Purine and pyrimidine base nucleosides and nucleotides have 

been derivatised with reporter groups and are well known and widely used 
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for labelling DNA or RNA and in other molecular biology applications. But 
these molecules are often poor enzyme substrates. There is a continuing 
need for labelled nucleoside analogues whose triphosphates are good 
enzyme substrates. 
5 Statement of Invention 

According to the present invention there is provided a 
compound having the structure 




x N 



Q 

where X is CH or N, 

Y is -CO-, -CONW-, -0-, -S-, -SO-, -S0 2 -, -NWCO-.-NW-, or 

10 -OCO-, 

W is the same or different at different places in the molecule 
and each is H or alkyl or aryl or Rp or -Ln-Rp, 
Ln is a linker group, 
Rp is a reporter moiety, and 
]5 Q is a sugar or a sugar analogue or a nucleic acid backbone 

or backbone analogue, 

provided that at least one reporter moiety Rp is present. 
Q may be 




20 

where Z is O, S, Se, SO, NW or CH 2 , 

R 1 , R 2 , R 3 and R 4 are the same or different and each is H, 
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OH, F, NH 2 , N 3 , O-hydrocarbyl or Rp or-Ln-Rp, 

R 5 is OH, SH or NH2 or mono-, di- or tri-phosphate or - 

thiophosphate, or corresponding boranophosphate, 

or one of R 2 and R 5 is a phosphoramidite or other group for 
5 incorporation in a polynucleotide chain, or Rp or -Ln-Rp, 

or Q consists of one of the following modified sugar structures 

Acyclic Sugars 



O 




R= CH 3 ,CH 2 OH , H, 
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4 

Morpholino Backbone 




or Q is a nucleic acid backbone consisting of sugar- 
phosphate repeats or modified sugar-phosphate repeats (e.g. LNA) 
5 (Koshkin et a/, 1998, Tetrahedron 54, 3607-30) or a backbone analogue 
such as peptide or polyamide nucleic acid (PNA). (Nielsen et a/, 1991 , 
Science 254, 1497- 1500). 

The reporter moiety Rp, with or without the linker group Ln, 
will be present in W or Y when Y contains W and will always have at least 
10 one atom between the reporter and the base ring. When Q is a sugar or 
sugar analogue or a modified sugar, these compounds are nucleotide 
analogues or nucleoside analogues. When Q is a nucleic acid backbone or 
a backbone analogue, these compounds are herein called nucleic acids or 
polynucleotides. 

I5 A nucleoside analogue is a molecule which is capable of 

being incorporated, either chemically or enzymatically, into an oligomeric or 
polymeric nucleic acid (DNA or RNA) chain, and when so incorporated of 
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forming a base pair with a nucleotide residue in a complementary chain or 
base stacking in the appropriate nucleic acid chain. 

In the context of this invention, a nucleotide is a naturally 
occurring compound comprising a heterocyclic base and a sugar moiety 
5 including a phosphate. A nucleoside is a corresponding compound in 
which a phosphate is not present. Nucleotide analogues and nucleoside 
analogues are analogous compounds having different bases and/or 
different sugar moieties. A nucleoside analogue is a compound which is 
capable of forming part of a nucleic acid (DNA or RNA or PNA) chain, and 
10 is there capable of base-pairing with a base in a complementary chain or 
base stacking in the appropriate nucleic acid chain. A nucleoside analogue 
may be specific, by pairing with only one complementary nucleotide; or 
degenerate, by base pairing with more than one of the natural bases, e.g. 
with pyrimidines (T/C) or purines (A/G); or universal, by pairing with each 
is of the natural bases with little discrimination; or it may pair with another 
analogue or itself. 

In one preferred aspect of the invention, the base analogue is 
linked to a sugar moiety such as ribose, deoxyribose or dideoxyribose to 
form a nucleoside analogue. When the group R 5 is triphosphate, the 
20 nucleoside triphosphate analogues of the invention are capable of being 
incorporated by enzymatic means into nucleic acid chains. 

A reporter moiety Rp may be any one of various things. It 
may be a radioisotope by means of which the nucleoside analogue is 
rendered easily detectable, for example 32-P or 33-P or 35-S incorporated 
25 in a phosphate or thiophosphate or phosphoramidite or H-phosphonate 
group, or alternatively 3-H or 14-C or 125-1. It may be a stable isotope or a 
specific chemical moiety suitable for detection by mass spectrometry. (Or 
the compound as a whole may be suitable for detection by mass 
spectrometry.) It may be a signal moiety e.g. an enzyme, hapten, 
30 fluorophore, chemiluminescent group, Raman label or electrochemical 
label. 
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The reporter moiety may be a solid surface, to which the 
nucleoside analogue is attached and by means of which it .may be 
distinguished from nucleoside analogues not so immobilised. The reporter 
moiety may be a reactive group, either a nucleophilic group, e.g. NH 2 , OH, 

5 COOH, CONH 2 , ONH 2l SH or a thiophosphate or a hydrazine or a 
hydrazide, or an electrophilic group e.g. an active ester or aldehyde or 
maleimide, by which a signal moiety and/or a solid surface may be 
attached, before or after incorporation of the nucleoside analogue in a 
nucleic acid chain. Such reporter groups are well known and well 

10 described in the literature. 

A linker group Ln is a chain of 1 to 60 or more carbon, 
nitrogen, oxygen phosphorus and/or sulphur atoms, rigid or flexible, 
saturated or unsaturated, as well known in the field. Preferably the linker 
group is joined to a 4-triazole ring (when X is N) or to a 4-imidazole ring 

15 (when X is CH) of the nucleoside analogue molecule by a group having an 
alpha carbonyl group, e.g. amide or an amine bond. Preferably the linker 
group is joined to the reporter moiety by an amide bond. 

To avoid risk of steric hindrance, a linker preferably has at 
least three chain atoms, e.g. -(CH 2 ) n - where n is at least 3. 

20 Two (or more) reporter moieties may be present, e.g. a signal 

moiety and a solid surface, or a hapten and a different signal moiety, or two 
fluorescent signal groups to act as donor and acceptor. Various formats of 
these arrangements may be useful for separation or detection purposes. 

Purine and pyrimidine nucleoside derivatives labelled with 

25 reporter moieties are well known and well described in the literature. 
Labelled nucleoside derivatives have the advantage of being readily 
detectable during sequencing or other molecular biology techniques. 

R\ R 2 , R 3 and R 4 may each be H, OH, F, NH 2 , N 3 , O-alkyl or 
a reporter moiety. Thus ribonucleosides, and deoxyribonucleosides and 

30 dideoxyribonucleosides are envisaged together with other nucleoside 
analogues. These sugar substituents may contain a reporter moiety in 
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place of or in addition to the one or two present in the base. 

R 5 is OH or mono-, di- or tri-phosphate or -thiophosphate or 
corresponding boranophosphate. From nucleosides (R 5 is OH) it is readily 
possible to make the corresponding nucleotides (R 5 is triphosphate) by 

5 literature methods. Alternatively, one of R 2 and R 5 may be a 
phosphoramidite or H-phosphonate or methylphosphonate or 
phosphorothioate or amide, or an appropriate linkage to a solid surface e.g. 
hemisuccinate controlled pore glass, or other group for incorporation , 
generally by chemical means, in a polynucleotide chain. The use of 

10 phosphoramidites and related derivatives in synthesising oligonucleotides 
is well known and described in the literature. 

In the new nucleoside analogues to which this invention is 
directed, at least one reporter moiety is present preferably in the base 
analogue and/or optionally in the sugar moiety or a phosphate group. 

15 Reporter moieties may be introduced into the sugar moiety of a nucleoside 
analogue by literature methods (e.g. J. Chem. Soc. Chem. Commun. 1990, 
1547-8; J. Med. Chem., 1988, 31. 2040-8). Reporter moieties in the form 
of isotopic labels may be introduced into phosphate groups by literature 
methods (Analytical Biochemistry, 214, 338-340, 1993; WO 95/15395). 

20 When R 5 is triphosphate, the nucleoside analogues are 

available for enzymatic incorporation in DNA or RNA. The invention 
includes in another aspect the polynucleotide chain comprising at least one 
residue of the nucleoside analogue as defined. 

Nucleoside analogues of this invention are useful for labelling 

25 DNA or RNA or for incorporating in oligonucleotides or PNA. A reporter 
moiety is attached at a position where it does not have a significant 
detrimental effect on the physical or biochemical properties of the 
nucleoside analogue, in particular its ability to be incorporated in single 
stranded or double stranded nucleic acid. 

30 A template containing the incorporated nucleoside analogue 

of this invention may be suitable for copying in nucleic acid synthesis. If a 
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reporter moiety of the incorporated nucleoside analogue consists of a linker 
group, then a signal moiety can be introduced into the incorporated 
nucleoside analogue by being attached through a terminal or other reactive 
group of the linker group. 

5 A nucleoside analogue triphosphate of this invention may be 

incorporated by enzymes such as terminal transferase to extend the 3' end 
of nucleic acid chains in a non-template directed manner. Tails of the 
nucleoside analogue triphosphate produced in this way may be detected 
directly in the absence of any reporter label by use of antibodies directed 

10 against the nucleoside analogue. The analogues when incorporated into 
oligonucleotides or nucleic acids may be acted upon by nucleic acid 
modification enzymes such as ligases or restriction endonucleases. 

The nucleoside analogues of this invention can also be used 
in any of the existing applications which use native nucleic acid probes 

15 labelled with haptens, fluorophores or other reporter groups, for example 
on Southern blots, dot blots and in polyacrylamide or agarose gel based 
methods or solution hybridisation assays and other assays in microtitre 
plates or tubes or assays of oligonucleotides or nucleic acids such as on 
microchips. The probes, may be detected with antibodies targeted either 

20 against haptens which are attached to the base analogues or against the 
base analogues themselves which would be advantageous in avoiding 
additional chemical modification. Antibodies used in this way are normally 
labelled with a detectable group such as a fluorophore or an enzyme. 
Fluorescent detection may also be used if the base analogue itself is 

25 fluorescent or if there is a fluorophore attached to the nucleoside analogue. 
RNA is an extremely versatile biological molecule. 
Experimental studies by several laboratories have shown that in vitro 
selection techniques can be employed to isolate short RNA molecules from 
RNA libraries that bind to proteins, not normally associated with RNA 

30 binding, including a few antibodies, with high affinity and specificity (Gold, 
Allen, Binkley, et al,1993, 497-510 in The RNA World, Cold Spring Harbor 
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Press, Cold Spring Harbor N.Y., Gold, Polisky, Unlenbeck, and Yams, 
1995, Annu. Rev. Biochem. 64: 763-795, Tuerk and Gold, 1990, Science 
249:505-510, Joyce, 1989, Gene 82:83-87, Szostak, 1992, Trends 
Biochem. Sci 17:89-93, Tsai, Kenan and Keene, 1992, PNAS 89:8864- 

5 8868, Tsai, Kenan and Keene, 1992, PNAS 89:8864-8868, Doudna, Cech 
and Sullenger, 1995, PNAS 92:2355-2359). Some of these RNA molecules 
have been proposed as drug candidates for the treatment of diseases like 
myasthenia gravis and several other auto-immune diseases. 

The basic principle involves adding an RNA library to the 

10 protein or molecule of interest. Washing to remove unbound RNA. Then 
specifically eluting the RNA bound to the protein. The RNA is then reverse 
transcribed and amplified by PCR. The DNA is then transcribed using 
modified nucleotides (either 2' modifications to give nuclease resistance 
e.g. 2' F, 2' NH 2 , 2' OCH 3 and/or C5 modified pyrimidines and/or C8 

15 modified purines). Those molecules that are found to bind the protein or 
other molecule of interest are cloned and sequenced to look for common 
sequences. The common sequence is taken and used to make a short 
oligonucleotide therapeutic. 

The base analogues described here, when converted to the 

20 nucleoside triphosphate or nucleoside phosphoramidite, will significantly 
increase the molecular diversity available for this selection process. This 
may lead to oligonucleotides with increased binding affinity to the target 
that is not available from the current building blocks. 
The use of triphosphate nucleotide analogues containing five membered 

25 heterocycles such as pyrrole have been demonstrated to act as substrates 
for enzymatic. incorporation, (WO 97/28176). The nucleotide base analogue 
pyrrole-3,4-dicarboxamide is a particularly good substrate. The 
corresponding base analogue pyrrole-3-carboxamide is also a substrate 
but with a significant decrease in efficiency relative to the dicarboxamide. 

30 This illustrates that despite having the same groups being presented at the 
hydrogen bonding face subtle changes of structure can have significant 
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effects that alter the analogue's ability to act as a substrate. These effects 
are not yet predictive. Both the pyrrole mono and dicarboxamide analogues 
are also degenerate in that they will substitute for all the natural bases with 
varying degrees of efficiency e.g. the pyrrole-3,4-dicarboxamide will replace 
A and C and extension is then possible from there but it will also replace T 
and G and act as a terminator. 

When a linker group and reporter have been introduced into 
the 4 position of the base analogue pyrrole-3-carboxamide a significant 
reduction in its ability to act as a substrate was observed. Similar results 
have been observed in comparable systems upon modification of the 
pyrrole-3,4-dicarboxamide. 

The nucleotide analogues of this invention have several 
advantages over those described above for enzymatic incorporation. The 
analogues act in a non-degenerate manner and when X = CH are an 
excellent specific T replacement. Further when a linker arm and reporter 
group are present they are still good substrates for enzymatic 
incorporation, acting in a specific manner, see example 2. 

Direct enzymatic incorporation is but one aspect of enzymatic 
recognition and tolerance that has to be considered. The attachment of a 
linker arm or the analogue itself can effect the ability of an enzyme to either 
extend from the analogue or read through the analogue and these 
properties to date are not predictive. The base analogue difluorotoluene 
causes a pause on read through by an enzyme placing a base opposite in 
the growing complimentary strand (Proc. Natl. Acad. Sci. USA (1997), 94, 
10506-11). The universal base 5-nitroindole (WO 97/28176) when included 
in an oligo is readily read through by an enzyme and a base replaced 
opposite. As the 5-nitroindole is a universal base there is likely to be 
uncertainty as to the base placed opposite during the formation of the 
complimentary strand to the template. 

The nucleotide analogues of this invention have advantages 
in that as phosphoramidites they can be selectively placed in a position 
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within a DNA oligo via chemical synthesis. Once in that position the 
presence of a linker and reporter group has been demonstrated to permit 
an enzyme to read through it and place a base opposite the analogue, see 
examples 4A-4G. In a comparable experiment with a universal base such 

5 as 5-nitroindole the introduction of a linker and reporter was found to have 
detrimental effects on read through ability. In addition further experiments 
have shown that the enzyme still treats the invention analogue as a specific 
base replacement for T by placing an A base opposite the analogue in the 
growing complimentary strand, see examples 5A-5C. The combined 

10 properties permit selective introduction of a reporter group at defined 
positions that allow the generation of a complimentary strand with 
unambiguous sequence. 
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DETAILED DESCRIPTION OF THE INVENTION 



Example 1 

Preparation of 1-f2 , -deoxvribos-1 , -vnimida2olidin-2-one-4-carboxvlic 
5 acid (2) 

CO,H 



O 

HO 



HO 



2 



This was carried out according to the method of Otter et al. 
(J Org Chem, 1969, 34, 1390). The acid was purified by reversed phase 
10 HPLC. 

1 H nmr (D 2 0) 2.20 (1H, m, 2 , -CH a H b ), 2.34 (1H, m, 2'-CH a H b ), 
3.50 (2H, m, 5'-CH20H), 3.86 (1H, m, 4'-CH), 4.33 (1H, m, 3'-CH), 5.87 
(1H, t, J = 7 Hz, 1-CH), 6.97 (1H, s, Ar-HJ. 
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Preparation of 4"-(N , -tert-butoxvcarbonvlamino)butvl 1-(2'- 
deoxvribos-1 '-vnimidazolidin-2-one-4-carboxamide (3) 

The carboxylic acid (30 mg, 0.12 mmol) and 4-(N-fert- 
butoxycarbonylamino)-1-aminobutane (25 mg, 0.14 mmol) in dry DMF (1.5 

5 ml) under a nitrogen atmosphere were treated with a solution of 

diphenylphosphoryl azide (39 mg, 0.14 mmol) in dry DMF (0.5 ml) and then 
dry triethylamine (0.04 ml). The mixture was allowed to stir at room 
temperature for 60 hours. The solvent was removed in vacuo to give a 
pale yellow solid that was purified by preparative tic (RP18, 1:1 

io ethanohwater) then reversed phase HPLC to give 1 8.6 mg of the desired 
amide as a colourless oil. 

1 H nmr (CD30D) 1.42 (9H, s, C(CH 3 )), 1.55 (4H, m, 
BOCNHCHzCtbChb), 2.23 (1H, m, 2 , -CH a H b ). 3.05 (2H, t, J = 6.6 Hz, 
BOCNHCH2), 3.30 (2H, obscured t, CH2NHC(=0)), 3.69 (2H, m, 5'- 

15 CH2OH), 3.88 (1 H, m, 4'-CH), 4.38 (1 H, m, 3'-CH), 5.99 (1 H, t, J = 6.4 Hz, 
1'-CH), and 7.32 (1H, s, Ar-H). 

Preparation of 4"-fN , -tert-butoxvcarbonvlamino)butvl 1-(2'- 
deoxvribos-I'vnimidazolidin-a-one^-carboxamide-S'-triphosphate (4) 

20 The nucleoside (3) (18.4 mg, 0.04 mmol) was dissolved in a 

1:1 mixture of trimethylphosphate and triethylphosphate (2 ml) under an 
atmosphere of argon. The mixture was cooled to 0°C with an ice bath and 
phosphoroyl chloride (17 ul) was added dropwise and the mixture was 
stirred at 0°C for 2 hours. Tributylammonium pyrophosphate (0.44 ml of a 

25 0.5M solution in dry DMF) was added, followed immediately by addition of 
tributylamine (50 u.1). The mixture was stirred at room temperature for 15 
minutes and the reaction was quenched by addition of 1M 
triethylammonium bicarbonate (5 ml). The mixture was stirred for 1 hour 
and then the solvents were removed in vacuo. The mixture was purified by 

30 ion exchange chromatography and then reversed phase chromatography to 
give a colourless solid. W (H 2 0) 264 nm, 1 Hnmr and 31 Pnmr (D 2 0) were 
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consistent with the desired material, but showed that the compound was 
contaminated with triethylammonium pyrophosphate. 

Preparation of 4"-aminobutvl 1-(2'-deoxvribos-1'-vnimidazolin-2-one- 
5 4-carboxamide-5'-triphosphate trifluoroacetate salt (5) 

The terf-butoxycarbonyl protected amine (6.6 nmol) was 
treated with trifluoroacetic acid (1 ml) at room temperature for 1.5 hours. 
The solvent was removed in vacuo to give the ammonium salt as a 
colourless solid. 1 H nmr showed the absence of the 9 proton singlet for the 
io ferf-butoxycarbonyl group and was otherwise consistent with the desired 
structure. 

Preparation of 4"-(6" , -(fluorescein-5""-(and 6""-) 
r a rhoxamidohexanamido^butvM-deoxvribos-1' -vnimidazolin-2-one-4- 

15 carboxamide-5'-triphosphate (6) 

The amine salt (5) was dissolved in anhydrous DMSO and 
treated with N,N-diisopropyethylamine (5 ^1) and 6-(fluorescein-5-(and 6-) 
carboxamidohexanoic acid NHS ester (3.6 mg). The mixture was allowed 
to stir for 20 hours and the mixture was purified by ion-exchange 
20 chromatography . X ma x 486 nm, 1 H nmr was consistent with expected 
structure. 

Example 2 

A primer extension assay was used to evaluate compounds 
25 (4, 5 and 6) as a substrate for exonuclease free Klenow fragment DNA 
polymerase I (EFK). The assay used a 33 P 5' end labelled 15mer primer 
hybridised to a 24mer template. The sequences of the primer and template 
are: 

Primer 5' TGCATGTGCTGGAGA 3' 
30 Template 1 3 1 ACGTACACGACCTCT GAACTAGTC 5' 

Template 2 3* ACGTACACGACCTCTT GGCTAGTC 5' 
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One picomole P labelled primer was hybridised to 
2 picomoles of template in x2 Klenow buffer. To this was added either 
4 nM dNTPaS or 40nM (4 or 5), 20^M (6) or 160>M (4 or 5) or a mixture of 
4 iiM dNTPaS and 40^M (4 or 5) or 160>M (4 or 5). One unit EFK and 

5 2 mil (4 or 5) or 20 mU (6) inorganic pyrophosphatase were used per 
reaction. Primer alone, primer plus template plus enzyme, , primer plus 
template plus enzyme plus 4 yM dNTPaS controls were also carried out. 
The reactions were incubated at 37°C for 3 minutes (4 and 5) or 10 
minutes (6). Reactions were then stopped by the addition of formamide / 

io EDTA stop solution. Reaction products were separated on a 1 9% 
polyacrylamide 7M urea gel. After exposure to Kodak Biomax 
autoradiography film the incorporation of the analogue was studied by 
comparison to the control reactions using either primer alone or primer plus 
template plus enzyme and 4 |iM dNTPaS. 

15 This showed that compounds (4, 5 and 6) were good 

substrates for EFK and that each was incorporated in place of dTTP 
against Template 1 above. No incorporation in place of dCTP was seen on 
either template. 



20 EXAMPLE 3 

Synthesis of phosphoramidites of imidazolidtn-2(3H)-one-4- 

carboxamides. 

Synthetic Schemes: 

Preparation of imidazolidin-2(3tf)-one~4-carboxvlic acid 
25 nucleoside 



HO 



VN n TBDMS-CI 0 o 



OH DMF — ' 0H 
H 0f TBDMSO* 
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Preparation of amines for coupling with imidazolidin-2(3H)-one- 
4-carboxylic acid nucleoside 



OH 



CF 3 C0 2 Et 
EtjN, MeOH 



O 

8 



TSTU 
MeCN 



DIPEA 



o °V\ 



cr H 3 N 



NHCOCF. 



THF 



O 
11 



3 4M HCI 
in dioxan 



BOCHN — / ' 



NHCOCF 



10 
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12 + HjN^^^NHBOC 



pyridine 




\ 0 



N 



N- 




16 



1-H 

u 
O 



-NHBOC 



4M HCI 



in dioxan 





17 



1-H 



9, 



Et 3 N 
THF 



-NH 3 Cf 




6 



18 




K 2 C0 3 
H 2 0 



MeOH 



CF, 




6 
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NH 2 
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5 Example of synthetic steps required to transform amines and 
acid (2) to phosphoramidites for oligonucleotide synthesis 
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7 + 11 

DMF 



DPPA 
Et 3 N 



TBDMSO 

TBDMSO" 



NHCOCF, 



O 
23 



NH 4 F 



MeOH 



NHCOCF 



3 



HO 



24 



DMTr-CI 
CH 2 CI 2 

\ 

O. 



py 



DMTrO 



NHCOCF, 



Htf 



25 



NC 



/v^O.p.CI 
NiPr, 



DIPEA 
THF 



DMTrO ^ I 

6 

>-Q 



NHCOCF, 



iPr 2 N 



CN 



26 



Structures of other Phosphoramidites Prepared 
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DMTrO 



P-0 
iPr 2 N V__^ 



27 



CN 
0 



DMTrO 



iPr,N 



28 



CN 



DMTrO 



iPr 9 N 



P-0 



29 



CN 



DMTrO 



P-0 
iPr 2 N \ 



CN 



30 



5 
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Preparation of 4-carboxv-1-(2'-deoxy-3', 5'-di(terf- 
butvldimethylsilvloxv)ribos-1 T -vl)imidazolidin-2(3H)-one (7) 

The crude reaction mixture from the preparation of the acid 

5 (2), carried out in a 33 mmol scale, was suspended in dry DMF (50 ml) and 
treated with imidazole (10.2 g, 150 mmol) and ferf-butyldimethylsilyl 
chloride (11.3 g, 75 mmol) and the mixture was stirred at room temperature 
for an hour. TLC (1:1 methanohwater, on RP18 tic plates) showed some 
starting material remained. Further aliquots of terf-butyldimethylsilyl 

10 chloride were added until the starting material was consumed. The mixture 
was then heated at 60°C for 16 hours. The mixture was poured into water 
(200 ml) and then extracted with ethyl acetate (3 x 200 ml), the combined 
extracts were washed with 2M sodium hydroxide solution and then dried 
(MgS0 4 ), filtered, evaporated and chromatographed, the desired material 

is was eluted with 10% methanol in dichloromethane to give the silyl ether 
(3.7 g, 25% in two steps from 5-bromouridine) as a yellow foam. 6 H (D 6 - 
DMSO) 0.07 (6H, s, Si(CH 3 ) 2 ), 0.09 (6H, s, Si(CH 3 ) 2 ), 0.88 (18H, s,2x 
C(CH 3 ) 3 ), 1.98 (1H, m, 2'-CH a H b ), 2.34 (1H, m, 2'-CH a H b ), 3.62 (2H, m, 5'- 
CH2), 3.71 (1H, br m, 4-CH), 4.38 (1H, brs, 3'-CH), 5.83 (1H, brt, J = 7.2 

20 Hz, 1'-CH), and 7.07 (1H, s, 5-CH); m/z 471.32 (M-1)". 

Preparation of 4-trifluoroacetamidobutanoic acid (8) 

4-Aminobutanoic acid (5.16 g, 50 mmol) was suspended in 
25 methanol (50 ml) and then treated with ethyl trifluoroacetate (7.81 g, 55 
mmol) and triethylamine (5.57 g, 55 mmol). The solid gradually went into 
solution over 1 .5 hours and the mixture was stirred for a further 0.5 hours. 
The solvent was removed in vacuo and the residue was taken into ethyl 
acetate and washed with 2M hydrochloric acid and brine. The organics 
30 were dried (MgS0 4 ), filtered and evaporated to give the desired amide as a 
colourless solid (8.15 g, 82%). v max (film) 3302, 2921, 2853, and 1703; 6 H ( 
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CD3OD) 1.82 (2H, app quintet, J = 7Hz, CH 2 CH2CH 2 ), 2.31 (2H, t, J = 7 Hz, 
ChbCO), 3.32 (2H, m, ChbNH), and 9.20 (1H, br s, NH); 8 C (CD 3 OD) 25.11, 
31.91,40.11, 117.52, 159.10, and 176.63; m/z 198.13 (M-1)". 

5 Preparation of O(N-Succinimidvl) 4-trifluoroacetamidobutanoate (9) 

4-Trifluoroacetamidobutanoicacid (2.1 g, 10.5 mmol) and O- 
(N-succinimidyO-N.N^'N -tetramethyluronium tetrafluoroborate (3.2 g, 11 
mmol) in anhydrous acetonitrile (25 ml) under nitrogen were treated with 

10 N,N-diisopropylethylamine (1.42 g, 1 1 mmol). The mixture was stirred at 
room temperature for 16 hours. The solvent was removed in vacuo and the 
residue was chromatographed in ethenethyl acetate to give the desired 
ester as a colourless solid (2.66 g, 90%). v max (nujol) 3344, 1811, 1776, 
and 1721 cm' 1 ; 5 H (CDCI 3 ) 2.06 (2H, quintet, J = 6.9 Hz, CH 2 CH2CH 2 ), 

15 2.70 (2H, t, J = 6.9 Hz, CJiCONHS), 2.86 (4H, s, COCH^CO), 3 47 
(2H, t, J = 6.9 Hz, ChbN), and 7.16 (1H, br s, NH); 8 C (CDCI 3 ) 23.70, 25.60, 
28.30, 38.72, 115.70, 157.70, 168.16, and 169.33; m/z 295.28 (M-1)". 

Preparation of N-3-(terf-butoxvcarbonylamino)propvl 4- 
20 trifluoroacetamidobutanamide (10) 

O-(N-Succinimidyl) 4-trifluoroacetamidobutanoate (834 mg, 
2.8 mmol) in anhydrous tetrahydrofuran (5 ml) under an atmosphere of 
argon was treated with 3-fert-butoxycarbonylamino-1-aminopropane (500 

25 mg, 2.9 mmol). The mixture was stirred at room temperature for 16 hours. 
The solvent was removed in vacuo and the residue was partitioned 
between ether and water. The organics were washed with 2M hydrochloric 
acid, and brine, then dried (MgS0 4 ), filtered and evaporated to give the 
desired amide as a colourless oil that solidified on standing (570 mg, 57%). 

30 5 H (CDCI3) 1 .44 (9H, s, C(CH 3 ) 3 ), 1 .62 (2H, br quintet, J = 6.6 Hz, 

NCH 2 CH2CH 2 N), 1.93 (2H, br quintet, J = 6.0 Hz, CH 2 CjiCH 2 CO), 2.36 
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(2H, t, J = 6.0 Hz, ChbCO), 3.17 (2H, q, J = 6.3 Hz, CF3CONHCH2), 3.29 
(2H, q, J = 6.3 Hz, CJiNHCCVBu), 3.40 (2H, q, J = 5.7 Hz, CH2NHCOCH- 
2), 4.96 (1H, br s, CH 2 NHCOCH 2 ), 7.28 (1H, brs, CH 2 NHC0 2 'Bu), and 8.49 
(1H,brs, CF3CONHCH2). 

5. 

Preparation of N-3-aminopropyl 4-trtfluoroacetamidobutanamide 

hydrochloride (11) 

N-(3-fe/t-butoxycarbonylamino)propyl 4- 
10 trifluoroacetamidobutanamide (570 mg, 1.6 mmol) was treated with 4M 
hydrogen chloride in dioxan (5 ml) at room temperature for 1 .5 hours. The 
solvent was removed in vacuo and the resulting oil dried in vacuo to give 
the desired amine salt as a thick gum that was used without further 
purification. 6 H (CD3OD) 1 .79- 1.90 (4H, m, NCH 2 CH2CH 2 N and 
15 CH 2 CH2CH 2 CO), 2.61 (2H, t, J = 7 Hz, ChbCO), 2.95 (2H, br t, J = 7.2 Hz, 
CF3CONHCH2), and 3.25 - 3.33 (4H, m, CH2NHCOCH 2 , CH2N + H 3 ). 

Preparation of methyl 4-(4-(4-N,N- 
dimethvlaminophenyl)azobenzenesulfonamido)butanoate (14) 

20 

Anhydrous pyridine (5 ml) was added to a mixture of methyl 
4-aminobutanoate (0.43 g, 3.1 mmol) and 4-(4-N,N- 
dimethylaminophenyl)azobenzenesulfonyl chloride (1 g, 3.1 mmol) under 
an atmosphere of argon. The mixture was stirred at room temperature for 1 

25 hour. The solvent was removed in vacuo, and the solid was partitioned 
between ethyl acetate and pH 6 citrate buffer. The organics were 
separated, and the aqueous layer was extracted with ethyl acetate (2 x 100 
ml). The combined extracts were dried (MgS0 4 ), filtered and evaporated to 
give the desired sulfonamide as an orange solid (1.06 g, 80%). A, max (EtOH) 

30 434 nm; 5 H (CDCI 3 ) 1.82 (2H, tt, J = 7.0 and 6.6 Hz, CH 2 CH2CH 2 ), 2.37 
(2H, t, J = 7.0 Hz, CH2CH2CO), 3.05 (2H, app q, J = 6.6 Hz), 3.13 (6H, s, 
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(CH 3 ) 2 N), 3.66 (3H, s, C0 2 CH 3 ), 4.73 (1H, t, J = 6.2 Hz, NH), 6.76 (2H, d, J 
= 9.1 Hz, 2 x ArH), 7.91 (2H, d, = 9.1 Hz, 2 x ArH), 7.92 (2H, d, J = 9.1 Hz, 
2 x ArH), and 7.95 (2H, d, J = 9.1 Hz, 2 x ArH); 8 C (CDCI 3 ) 24.67, 30.96, 
40.30, 42.64, 51.81, 111.48, 122.64, 125.75, 128.04, 139.30, 143.60, 
5 153.14, 155.67, and 173.59; m/z 405.36 (M + 1) + . 

Preparation of N-3-(N'-tert-butoxvcarbonvl)aminopropyl 4-(4-N.N- 
dimethylaminophenvDazobenzenesulfonamide (16) 

10 This sulfonamide was prepared in an analogous fashion to 

14, using 4-(4-N,N-dimethylaminophenyl)azobenzenesulfonyl chloride (1 g, 
3.1 mmol) and mono(fert-butoxycarbonyl)-1,3-propanediamine (0.49 g, 2.8 
mmol. The sulfonamide (0.82 g, 63%) was isolated as an orange solid. 8h 
(CDCfe) 1.39 (9H, s, C(CH 3 ) 3 ), 1.61 (2H, quintet, J = 6 Hz, CH2CH2CH2), 

15 3.01 (2H, q, J = 6 Hz, CJiNHSOz), 3.12 (6H, s, (CH 3 ) 2 N), 3.19 (2H, q, J = 6 
Hz, CH2NHBOC), 4.63 (1H, brt, NHS0 2 ), 5.70 (1H, brt, NHBOC), 6.77 
(2H, d, J = 9 Hz, 2 x ArH), and 7.89 - 8.01 (6H, m, 6 x ArH); 5 C (CDCI 3 ) 
28.33, 30.53, 36.77, 39.81, 40.31, 79.81, 111.50, 122.58, 125.72, 127.96, 
139.92, 143.61, 153.10, and 155.47; m/z 460.43 (M-1V. 

20 

Preparation of Methyl 6-(4-(4-N,N- 
dimethylaminophenvl)azobenzenesulfonamido)hexanoate (20) 

This sulfonamide was prepared in an analogous fashion to 
25 14, using 4-(4-N,N-dimethylaminophenyl)azobenzenesulfonyl chloride (1 .03 
g, 3.2 mmol) and methyl 6-aminohexanoate hydrochloride salt (0.58 g, 3.2 
mmol) giving the sulfonamide (810 mg, 59%) as an orange solid. A. max . 
(MeOH) 536 nm; 5 H (D 6 -DMSO) 1.22 (2H, m, ChU), 1.31 - 1.48 (4H, m, 2 x 
Chb), 2.22 (2H, t, J = 7.2 Hz, CJiCO), 2.74 (2H, t, J = 7.2 Hz, ChkSC^), 
30 3.08 (6H, s, (CH 3 ) 2 N), 3.54 (3H, s, C0 2 CH 3 ), 6.85 (2H, d, J = 9.6 Hz, 2 x 
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Arid), 7.82 (2H, d, J = 9.6 Hz, 2 x ArH), and 7.89 (4H, s, N 2 C 6 H 4 S02); 6 C 
(De-DMSO) 23.89, 25.46, 28.57, 33.08,42.24, 51.13, 111.59, 122.18, 
125.36, 127.36, 142.59, 153.10, 154.44, and 173.20; m/z431 (M-1)\ 

5 Preparation of N-3-aminopropyl 4-(4-(4-N,N- 

dimethvlaminophenvnazobenzenesulfonamido)butanamide (15) 

Methyl 4-(4-(4- 

dimethylaminophenyl)azobenzenesulfonamido)butanoate (1 g, 2.47 mmol) 
10 was dissolved in 1 ,3-diaminopropane (10ml) and the mixture was heated to 
100°C under nitrogen for 3 hours. The solvent was removed in vacuo and 
the solid was partitioned between pH 6 citrate buffer and chloroform. The 
organics were dried (MgS0 4 ), filtered and evaporated to give an orange 
solid (0.95 g, 86%); X max (MeOH) 438 nm; 5 H (D 6 -DMSO) 1.53 (4H, m, 
15 NHCH2CH2CH2N, NHCH2CH2CH2CO), 2.16 (2H, t, J = 7.3 Hz, ChbCO), 
2.75 (2H, t, J = 7 Hz, CtfeN), 2.81 (2H, t, J = 7 Hz, CH2N), 3.13 (6H, s, 
N(CH 3 ) 2 ), 3.78 (2H, t, J = 6.6 Hz, CH2NHCO), 6.81 (2H t d, J = 9.6 Hz, 2 x . 
ArH), 7.84 (2H, d, J = 9.6 Hz, 2 x ArH), 7.90 (4H, s, 4 x ArH), and 8.12 (1H, 
s, NH);m/z 447.29 (M+1) + . 

20 

Preparation of N-6-aminohexvl 644-(4-N.N- 
dimethvlaminophenyl)azobenzenesulfonamido)hexanamide (21 ) 

Methyl 6-(4-(4-N,N- 

25 dimethylaminophenyl)azobenzenesulfonamido)hexanoate (0.72 g, 1 .7 
mmol) was added to molten, stirred 1,6-diaminohexane (10.7 g, 92 mmol) 
at 50°C. The mixture was heated at 77°C for 6 hours and then the mixture 
was allowed to cool to room temperature. The mixture was then melted and 
poured into pH 6 citrate buffer and the solid extracted with chloroform, the 

30 extracts were washed with water (3 x 150 ml), then pH 6 citrate buffer, 

dried (MgS04), filtered and evaporated. The resultant solid was suspended 
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in chloroform/pH 6 buffer, and filtered off. The solid was washed with water 
and air dried to give the amine (580 mg, 66 %) as an orange solid. 8 H (D 6 - 
DMSO) 1.20 - 1.50 (14H, m, 7 x CH2), 2.00 (2H, t, J = 7.2 Hz, Ch^CONH), 
2.52 (2H, br m, CH2N), 2.76 (2H, t, J = 7.2 Hz, CH2N), 3.00 (2H, br q, 
5 CI±>N), 3.11 (6H, s, (CH 3 ) 2 N), 6^88 (2H, d, J = 9 Hz, 2 x ArH), 7.75 (1H, br 
s, NH), 7.85 (2H, d, J = 9 Hz, 2 x ArH), and 7.92 (4H, s, N 2 C 6 H 4 S02); 5 C 
(D 6 -DMSO) 24.84, 25.72, 25.85, 26.12, 28.77, 29.05, 35.24, 38.25, 42.42, 
45.55, 122.17, 125.36, 127.75, 140.35, 142.60, 153.10, 154.34, and 
171.70; m/z517(M+1) + . 

10 

Preparation of N-3-aminopropyl 4-(4-N,N- 
dimethvlaminophenvDazobenzenesulfonamide (22) 

N-(3-N , -(terf-butoxycarbonyl)aminopropyl) 4-(4-N,N- 
15 dimethylaminophenyl)azobenzenesuifonamide (1.1 g, 2.4 mmol) in 
dichloromethane (10 ml) was treated with 4M hydrogen chloride in 1,4- 
dioxan (4 ml) at room temperature. The mixture was stirred for 16 hour and 
the solvent removed in vacuo. The residue was treated with saturated 
sodium bicarbonate and the resulting solid dissolved in ethanol. The 
20 ethanolic solution was evaporated and dried in vacuo to give the amine 
(0.86 g, quantitative) as an orange solid. 6 H (D 6 -DMSO) 1 .34 (2H, m, 
CH 2 CH2CH 2 NH2), 2.75 (2H, brt, CH2NHSO2), 2.88 (2H, m, CHbNH^, 3.08 
(6H, s, (CH 3 ) 2 N), 6.85 (2H, d, J = 9.3 Hz, 2 x ArH), 7.79 (2H, d, J = 9.3 Hz, 
2 x ArH), 8.84 (2H, d, J = 6.3 Hz, 2 x ArH), and 7.89 (2H, d, J = 6.3 Hz, 2 x 
25 ArH); m/z 363.51 (M+1) + 

Preparation of N-3-aminopropyl 4-(4-N,N- 
dimethylaminophenvDazobenzenesulfonamide hydrochloride (17) 

30 N-(3-N '-(ferf-butoxycarbonyl)aminopropyl) 4-(4-N,N- 

dimethylaminophenyl)azobenzenesulfonamide (0.82 g, 1.78 mmol) was 
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suspended in 1,4-dioxan (3 ml) and treated with 4M hydrogen chloride in 
1 ,4-dioxan (2 ml). The mixture was allowed to stir at room temperature for 
16 hours. The solvent was removed in vacuo and the resulting gum was 
co-evaporated with ethanol and dried in vacuo. The amine hydrochloride 
5 was used without further purification. 8h (CD 3 OD) 1 .85 (2H, quintet, 

CH2CH2CH2), 3.00 (4H. q, 2 x CH2N), 3.35 (6H, s, (CH 3 ) 2 N), 7.16 (2H, d, J 
= 9 Hz, 2 x ArH), and 7.90 - 7.99 (6H, m, 6 x ArH); 5 C (CD3OD) 29.30, 
37.91, 38.35, 41.01, 42.17, 116.57, 121.40, 129.51, 130.48, 140.59, and 
157.59; m/z 362 (M + ). 

10 

Preparation of N-3-(N-4-(4-N,N- 
dimethylaminophenvl)azobenzenesulfonamido)propyl 4- 
trifluoroacetamidobutanamide (18) 

15 Unpurified N-(3-aminopropyl) 4-(4-N,N- 

dimethylaminophenyl)azobenzenesulfonamide hydrochloride (1.78 mmol) 
and O-(N-succinimidyl) 4-trifluoroacetamidobutanoate (0.63 g, 2.1 mmol) 
were suspended in anhydrous tetrahydrofuran (20 ml) under an 
atmosphere of nitrogen at room temperature. The mixture was treated with 

20 triethylamine (0.36 g, 3.6 mmol) and stirred for 4 hours a further aliquot of 
O-(N-succinimidyl) 4-trifluoroacetamidobutanoate (0.2 g, 0.6 mmol) was 
added and the mixture was stirred for 1 hour and the solvent was then 
removed in vacuo. The residue was chromatographed, eluting the desired 
amide in ethyl acetate and then 5 % methanol in dichloromethane 

25 accompanied by elution of N-hydroxysuccinimide. The solid was taken into 
ethyl acetate and washed with pH 6 citrate buffer, dried (MgS0 4 ), filtered 
and evaporated to give the desired amide (690 mg, 65 %) as an orange 
powder. W (MeOH) 438 nm; 6 H (D 6 -DMSO) 1 .48 (2H, quintet, J = 7 Hz, 
NCH2CH2CH2N), 1.63 (2H, quintet, J = 7.4 Hz, NCH2CH2CH2CO), 2.01 

30 (2H, t, J = 7.4 Hz, CH 2 CO), 2.73 (2H, br t, CH2NSO2), 2.97 (2H, br t, 

CONHCfch), 3.06 (6H, s, (CH 3 ) 2 N), 3.11 (2H, br t, CH2NHCOCF3), 6.82 (2H, 
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d, J = 9.1 Hz, 2 x ArH), 7.64 (1H, brt, J = 5.9 Hz, NHS0 2 ), 7.80 (2H, d, J = 
9.1 Hz, 2 x ArH), 7.87 (4H, s, N 2 C 6 H 4 S0 2 ), and 9.40 (1H, brt, NH); 8 C 
(CD 3 OD) 26.42, 31.19, 34.27, 37.77, 113.45, 117.80 (q, J = 289 Hz, CF 3 ), 
124.11, 127.29, 142.00, 142.09, 155.00, 156.37, 158.06 (q, J = 36 Hz, 
5 COCF3), and 173.32; m/z 543.50 (M + ). 

Preparation of N-3-(4-(4-N.N- 
dimethylaminophenvDazobenzenesulfonvhaminopropvl 4- 
aminobutanamide (19) 

10 

N-3-(N-4-(4-N,N- 
dimethylaminophenyl)azobenzenesulfonamido)propyl 4- 
trifluoroacetamidobutanamide (0.68 g, 1.25 mmol) in methanol: water (1:1) 
(40 ml) under nitrogen was treated with potassium carbonate. The mixture 

15 was heated at 60°C for 3 hours. The solvent was removed in vacuo. The 
residue was washed with chloroform/pH 6 citrate buffer and then ethanol. 
The resulting solid was air dried and the combined with the ethanol 
washings to give an orange solid (0.54 g, 96 %). 8 H (D 6 -DMSO)1.51 (2H, 
quintet, J = 6.9Hz, NHCH2CH2CH2NH2), 1.59 (2H, quintet, J = 7.2 Hz, 

20 CH2CH2CH2CO), 2.07 (2H, t, J = 7.2 Hz, CH2CO), 2.57 (2H, t, J = 6.9 Hz, 
CH2NHS0 2 ), 2.77 (2H, t, J = 6.9 Hz, CtbN), 2.79 (2H, br m, CH2N), 3.01 
(6H, s, (CH 3 ) 2 N); 6.86 (2H, d, J = 9.9 Hz, 2 x ArH), 7.84 (2H, d, J = 9.9Hz, 2 
x ArH), and 7.91 (4H, s, NzCetUSOz); 6 C (D 6 -DMSO) 29.24, 29.33, 32.95, 
35.77, 35.89, 40.99, 111.59, 122.20, 125.37, 127.77, 140.16, 142.60, 

25 153.11, 154.47, and 172.20; m/z 447.38 (M+1) + . 
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Preparation of N-3-(4-trifluoroacetamidobutanovl)aminopropyl 1-(3/5 > - 
di(fert-butvldimethvlsilvloxv)-2^deoxvribos-r-yl)imidazolidin-2(3H)- 

one-4-carboxamide (23) 

5 1-(3/5 , -di(te/f-buty!dimethylsilyloxy)-2 , -deoxyribos-r- 

yl)imidazolidin-2(3H)-one-4-carboxylic acid (628 mg, 1.3 mmol) and N-(3- 
aminopropyl) 4-trifluoroacetamidobutanamide hydrochloride (388 mg, 1.3 
mmol) in anhydrous N.N-dimethylformamide (5 ml) under an atmosphere of 
argon were treated with triethylamine (263 mg, 2.6 mmol) and 

10 diphenylphosphoryl azide (385 mg, 1.4 mmol) at room temperature. The 
mixture was stirred for 16 hours. Diphenylphosphoryl azide (300 mg) was 
added and the mixture stirred for a further 8 h. The solvent was removed in 
vacuo and the residue taken into ethyl acetate, washed with water, 2M 
hydrochloric acid and 2M sodium bicarbonate, dried (MgS04), filtered and 

15 evaporated and then chromatographed in 5% methanol in dichloromethane 
to give the desired material as a pale yellow gum (440 mg, 48%). 6 H 
(CDCI 3 ) 0.08 (12H, 2 x s, 2 x Si(CH 3 ) 2 ), 0.88 (18H, 2 x s, 2 x SiC(CH 3 ) 3 ), 
1.72 (2H, br m, NHCH2CH2CH2NH), 1.92 (2H, br m, CH2CH2CH2CO), 2.20 
(2H, br m, 2'-CH2), 2.33 (2H, br m, CH 2 CH 2 CH2CO), 3.25 (2H, br m, 

20 CF 3 CONHCH2), 3.37 (4H, br m, 2 x CONHCH2), 3.68 (2H, m T 5 -CH2), 3.90 
(1H, br s, 4'-CH), 4.44 (1H, br s, 3-CH), 6.03 (1H, t, J = 6.6 Hz, 1'-CH), 
7.18 (1H, s, imidazolone 5-H), 7.48 (1H, brs, NH), 8.69 (1H, br s, NH), and 
10.54 (1H, brs, NH); 5 C (CDCI 3 ) -5.51, -5.41, -4.82, -4.74, 17.95, 18.42 95, 
24.21, 25.86, 25.94, 29.26, 33.82, 36.64, 39.73, 40.34, 63.43, 72.58, 82.67, 

25 87.55, 113.76, 116.05, 129.85, 152.69, 157.76, 159.48, and 173.92; m/z 
708.22 (M-1)\ 
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Preparation of N-3-(4-(4-(4- 
dimethvlaminophenvl)azobenzenesulfonamido)butanovl)aminopropyl 
143\5^bis(fe/t-butvldimethvlsilvloxv)-2 , -deoxvribos-1 , -vnimidazolidin- 

2(3H)-one-4-carboxamide 

5 

This amide was prepared according to the same procedure 
as 23 using l-CS/S'-bis^eAt-butyldimethylsilyloxy^-deoxyribos-l- 
yl)imidazolidin-2(3H)-one-4-carboxylic acid (0.9 g, 1.9 mmol), N-(3- 
aminopropyl) 4-(4-(4-N,N- 

io dimethylaminophenyl)azobenzenesulfonamido)butanamide (0.9 g, 2mmol), 
triethylamine (0.20 g, 2 mmol) and diphenylphosphoroyl azide (0.61 g, 2.2 
mmol) in anhydrous N,N-dimethylformamide (10 ml). The amide (0.82 g, 48 
%) was obtained after chromatography, eluting with 
dichloromethaneimethanol (100:5), accompanied by an unidentified 

15 impurity as an orange gum. 8 H (CDC! 3 ) 0.08 (12H, s, 2 x Si(CH 3 ) 2 ), 0.87 
(18H, s, 2 x SiC(CH 3 ) 3 ), 1.70 (2H, br m, NCH 2 CH2CH 2 N), 1.83 (2H, br 
quintet, CH2CH2CH2CO), 2.20 (2H, m, 2 , .CH 2 ), 2.29 (2H, t, J = 7.8 Hz, 
CH2CO), 2.98 (2H, m, CH2SO2), 3.10 (6H, s, N(CH 3 ) 2 ), 3.25 (2H, m, CHUN), 
3.36 (2H, m, CH2), 3.70 (2H, m, S'-CHz), 3.90 (1H, br m, 4'-CH), 4.43 (1H, 

20 m, 3'-CH), 6.07 (1H, t, J = 7.2 Hz, I'-CH), 6.46 (0.5H, brt, NH), 6.74 (2H, d, 
J = 9 Hz, 2 x ArH), 7.17 (1H, s, imidazole 5-H), 7.88 (2H, d, J = 9 Hz, 2 x 
ArH), 7.90 (2H, d, J = 9 Hz, 2 x ArH), 7.93 (2H, d, J = 9 Hz, 2 x ArH), and 
10.09 (1H, br s, NH); m/z 901.02 (M + ). 

25 Preparation of N-3-(4-(4-N,N- 

dimethylaminophenvl)azobenzenesulfonamido)propyl l-Q'^S^bisfte/t- 
butvldimethvlsilvloxv^'-deoxvribos-V-vnimidazolidin^OHt-one^- 

carboxamide 



30 This amide was prepared according to the same procedure 

as 23 using 1-(3, , 5'-bis(ter^-butyldimethylsilyloxy)-2 , -deoxyribos-1 , - 
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yl)imidazolidin-2(3H)-one-4-carboxyIic acid (710 mg, 1.5 mmol), N-3- 
aminopropyl 4-(4-N,N^imethylaminophenyl)azobenzenesulfonamide (361 
mg, 1 mmol), triethylamine (101 mg, 1 mmol) and diphenylphosphoroyl 
azide (303 mg, 1.1 mmol) in anhydrous N,N-dimethylformamide (10 ml). 
5 The amide (280 mg) was obtained by chromatography, eluting with 

dichloromethane:methanol (100:5) accompanied by an impurity. 8 H (CDCI 3 ) 
0.07 (12H, s, 2 x Si(CH 3 ) 2 , 0.88 (9H, s, SiC(CH 3 ) 3 ), 0.89 (9H, s, SiC(CH 3 ) 3 ), 
1.69 (2H, m, NHCH2CH2CH2NH), 2.98 (2H, m, ChbNHSOz), 3.11 (6H, s, 
(CH 3 ) 2 N), 3.33 (2H, m, CONHCH2), 3.68 (2H, m, ^-Chb), 3.90 (1H, br s, 4'- 
10 CH), 4.44 (1H, br s, 3'-CH), 6.02 (1H, t, J = 6.9 Hz, 1-CH), 6.74 (2H, d, J = 
9.3 Hz, 2 x ArH), 7.27 (1H, s, imidazolone 5H), and 7.85 - 7.96 (6H, m, 6 x 
ArH);m/z 816.16 (M + ). 

Preparation of N-(4-(3-(4-(4-N,N- 
15 dimethvlaminophenvl)azobenzenesulfonamido)propylamino)-4- 
oxobutyl 1-(3^5 , -di(fe^f■butvldimethvlsilvloxv)-2 , •<^eoxvribos-1 , - 
yl)imidazolidin-2(3H)-one-4-carboxamide 

This amide was prepared according to the procedure used for 
20 the preparation of 23 using 1-(3 J , 5 , -bis(te/t-butyldimethylsilyloxy)-2'- 
deoxyribos-1 -yl)imidazolidin-2(3H)-one-4-carboxylic acid (710 mg, 1.5 
mmol), N-3-(4-(4-N,N-dimethylaminophenyl)azobenzenesulfonamido)propyl 
4-aminobutanamide (446 mg, 1 mmol), triethylamine (101 mg, Imrriol), and 
diphenylphosphoryl azide (303 mg, 1.1 mmol) in anhydrous N,N- 
25 dimethylformamide (1 0 ml). The product was obtained after 

chromatography, eluting with 5 % methanol in dichloromethane to give the 
product as an orange oil. This was taken into dichloromethane (80 ml) and 
washed with water (2 x 100 ml), dried (MgS0 4 ) and evaporated to give the 
product as an orange oil (500 mg, 55 %). 8 H (CD 3 OD) -0.38 (6H, s, 
30 Si(CH 3 ) 2 ), 0.11 (6H, s, Si(CH 3 ) 2 ), 0.88 (18H, s, 2 x SiC(CH 3 ) 3 ), 1.65 (2H, 
quintet, J = 6.6 Hz, NHCH2CH2CH2NH), 1.79 (2H, quintet, J = 6.9 Hz, 
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CH 2 CH2CH 2 CO), 2.16 - 2.21 (4H, m, 2 -CH*, CH2CO), 2.89 (2H, t, J = 6.6 
Hz, ChUNHS0 2 ), 3.09 (6H, s, (CH 3 ) 2 N), 3.18 - 3.26 (4H, m, 2 x 
CH2NHCO), 3.69 (2H, m, S'-CHa), 3.89 (1H f m, 4-CH), 4.49 (1H, m, 3'-CH), 
5.96 (1H, t, J = 6.3 Hz, 1'-CH), 6.68 (2H, d, J = 9.3 Hz, 2 x ArH), 7.18 (1H, 
5 s, imidazolone 5H), and 7.84 - 7.94 (6H, m,6x ArH); m/z 901 .27 (M + ). 

Preparation of N-6-(6^4-(4-N,N- 
dimethvlaminophenyl)azobenzenesulfonamido)hexanamido)hexvl 1 - 
(2 T -deoxv-3\5 , -di(fe/t-butvldimethvlsilyloxv)ribos-r-vl)imidazolidin- 
10 2(3ffl-one-4-carboxamide 

N-6-aminohexyl 6-(4-(4-N,N- 
dimethylaminophenyl)azobenzenesulfonamido)hexanamide (580 mg, 1.1 
mmol) and 1-(3, , 5 , -di(fert-butyldimethylsilyIoxy)-2 , <leoxyribos-1^ 

15 yl)imidazolidin-2(3H)-one-4-carboxylic acid (800 mg, 1 .7 mmol) in 
anhydrous N,N-dimethyIformamide (10 ml) were treated with 
bromotripyrrolidinephosphonium hexafluorophosphate (800 mg, 1.7 mmol) 
and triethylamine (222 mg, 2.2 mmol) at room temperature under an 
atmosphere of argon. The mixture was stirred for 64 hours. The solvent 

20 was removed in vacuo and the reaction mixture chromatographed by 
presorbing onto silica gel and the desired amide was eluted in 5% 
methanol in dichloromethane to give the desired material (720 mg) 
accompanied by 3 molar equivalents of tripyrrollidinephosphoramide. 5 H 
(CDCI3) 0.07 (6 H, s, Si(CH 3 ) 2 ), 0.09 (6 H, s, Si(CH 3 ) 2 ), 0.87 (9 H, s, 

25. SiC(CH 3 ) 3 ), 0.90 (9 H, s, SiC(CH 3 ) 3 ), 1 .30 (8 H, app t, J = 7.2 Hz, 4 x CH2), 
1.40 - 1.54 (6H, m, 3 x CHa), 2.13 (4H, m, 2 , -CH 2 , ChhCO), 2.94 (2H, t, J = 
6.3 Hz, CfcbNHSOa), 3.16 (2H, obscured m, CH^N), 3.22 (2H, q, J = 6.3 Hz, 
ChbNHCO), 3.67 (1H, m, 5^CH a H b ), 3.80 (1H, m, 5'-CH a H b ), 3.90 (1H, br 
m, 4'-CH), 4.42, (1H, br m, 3'-CH), 6.10 (1H, t, J = 6.2 Hz, V-CH), 6.24 (1H, 

30 t, J =6.2 Hz, NH), 6.45 (1H, br t, NH), 6.82 (2H, d, 9 Hz, 2 x ArH), 7.11 (1H, 
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s, imidazolone 5-H), 7.87 - 8.00 (6H, m, 6 x ArH), and 8.41 (1H, brt, NH); 
m/z969 (M-1)-. 

Preparation of N-3-(4-trifluoroacetamidobutanovl)aminopropyl 1-(2'- 
5 deoxvribos-1'-vhimidazolidin-2(3tf)-one-4-carboxamide (24) 

N-(3-(4-trifluoroacetamidobutanoyl)aminopropyl) 1-(3,'5'- 
di(te/f-butyldimethylsilyloxy)-2'-deoxyribos-1'-yl)imidazolidin-2(3/^)-one-4- 
carboxamide (440 mg, 0.62 mmol) and ammonium fluoride (137 mg, 3.7 

10 mmol) were heated together at reflux in methanol (20 ml) for 48 hours. The 
solvent was evaporated and the residue chromatographed and the product 
eluted in 15% methanol in dichloromethane as a colourless solid (125 mg, 
42%). 8 H (CD 3 OD) 1.70 (2H, quintet, J = 6.8 Hz, NHCH2CH2CH2), 1.81 (2H, 
quintet, J = 7.2 Hz, NHCH2CH2CH2CO), 2.21 (2H, t, J = 7.2 Hz, 

15 NHCH2CH2CH2CO), 2.15-2.24 (1H, m obscured, 2'-CH a H b ), 2.31 (1H, 
ddd, J = 13.6, 6.6, and 6.2 Hz, 2'-CHSb), 3.18 (2H, t, J = 6.6 Hz, 
CONHCH2CH2CH2NH), 3.27 (4H, m, CF3CONHCH2, 
CONHCH2CH2CH2NH), 3.62 (1H, dd, J = 11.9 and 4.4 Hz, 5'-CH a H b ), 3.68 
(1 H, dd, J = 1 1 .9 and 3.8 Hz, 5-CHaHb), 3.86 (1 H, br d, J = 3.1 Hz, 4'-CH), 

20 4.37 (1H, brm, 3'-CH), 5.97 (1H, t, J = 7.0 Hz, 1'-CH), 7.32 (1H, s, 

imidazolone 5H), and 7.99 (1H, br m, NH); 6 C (CD 3 OD) 24.59, 28.79, 32.68, 
36.30, 36.38, 38.96, 39.19, 62.10, 71.29, 82.79, 87.19, 112.29, 116.11, 
117.67, 152.86, 157.60, 159.72 , and 173.90; m/z 480.30 (M-1)'. 

25 Preparation of N-3-(4-(4-(4-N,N- 

dimethvlaminophenvl)azobenzenesulfonamido)-butanoyl)aminopropvl 
1-(2'-deoxvribos-1'-vl)imidazolidin-2(3H)-one-4-carboxamide 

This nucleoside was prepared according to the same 
30 procedure as 24 using N-(3-(4-(4-(4- 

dimethylaminophenyl)azobenzenesulfonamido)butanoyl)aminopropyl 1- 
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(3\5'KJi(fe/t-butyldimethylsilyloxy)-2'-deoxyribos-1'-yl)imidazolidin-2(3H)- 
one-4-carboxamide (0.8 g, 0. 9 mmol) and ammonium fluoride (1.2 g, 32 
mmol) in methanol (50 ml). The reaction mixture was purified by 
chromatography, eluting the desired nucleoside (300 mg, 50 %) in 7.5% 

5 methanol in dichloromethane as an orange oil. 6 H (CD 3 OD) 1 .63 - 1 .74 
(4H, m, 2 x CH 2 CH2CH 2 ), 2.19 (2H, t, J = 7.8 Hz, CH2CO), 2.15 - 2.22 (2H, 
partly obscured m, 2'-CH2), 2.87 (2H, t, J = 6.9 Hz, CH2SO2), 3.05 (6H, s, 
N(CH 3 ) 2 ) 3.14 (2H, t, J = 6.6 Hz, CfcbN), 3.25 (2H, m, ChblM), 6.37 (2H, m, 
5-CH2), 3.85 (1H, m, 4'-CH), 4.36 (1H, m, 3'-CH), 5.96 (1H, t, 1'-CH), 6.75 

10 (2H, d, J = 7.5 Hz, 2 x ArH), 7.28 (1 H, s, imidazolone 5H), 7.79 (2H, d, J = 
7.5 Hz, 2 x ArH), 7.85 (2H, d, J = 9 Hz, 2 x ArH), and 7.86 (2H, d, J = 9 Hz, 
2 x ArH); m/z 671.33 (M-1)\ 

Preparation of N-4-(3-(4-l4-N.N- 
15 dimethvlaminophenvnazobenzenesulfonamido)propylamino)-4- 
oxobutvl 1-(2 > -deoxvribos-1 , -vl)imidazolidin-2(3H)-one-4-carboxamide 

This nucleoside was prepared according to the same 
procedure as 24 using N-(4-(3-(4-(4-N,N- 

20 dimethylaminophenyl)azobenzenesulfonamido)propylamino)-4-oxobutyl 1 - 
(3',5'-di(/ert-butyldimethylsilyloxy)-2'-deoxyribos-1'-yl)imidazolidin-2(3H)- 
one-4-carboxamide (500 mg, 0.55 mmol) and ammonium fluoride (200 mg, 
11.2 mmol) in methanol (20 ml). The reaction mixture was purified by 
chromatography, eluting the desired nucleoside (0.18 g, 49%) in 10% 

25 methanol in dichloromethane as an orange solid. 5h (CD 3 OD) 1 .64 (2H, 
quintet, J = 6.9 Hz, NHCH 2 CH2CH 2 N), 1.78 (2H, quintet, J = 7.2 Hz, 
CH 2 CH2CH 2 CO), 2.10 - 2.22 (4H, m, CH2CO, 2-CH2), 2.91 (2H, t, J = 6.9 
Hz, ChbNHSOz), 3.10 (6H, s, (CH 3 ) 2 N), 3.16 - 3.31 (4H, m, 2 x 
ChbNHCO), 3.67 (2H, m, S'-CHzOH), 3.88 (1H, m, 4'-CH), 4.39 (1H, m, 3'- 

30 CH), 5.98 (1 H, t, J = 6.2 Hz, 1*-CHJ, 6.82 (2H, d, J = 9.6 Hz, 2 x ArH), 7.29 



r 
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(1H, s, imidazolone 5-H), 7.84 (2H, d, J = 9.6 Hz, 2 x ArH), and 7.92 (4H, 
m, N2C6H4SO2); m/z 673.23 (M+1) + . 

Preparation of N-3-(4-(4-N,N- 
5 dimethvlaminophenvl)azobenzenesulfonamido)propyl 1 -(2 3 - 

deoxvribos-r-vhimidazolidin-2(3H)-4-carboxamide 

This was prepared according to the same procedure as 24 
using N-3-(4-(4-N,N-dimethylaminophenyl)azobenzenesulfonamido)propyI 

10 1 -(2-deoxy-3 , l 5 , -di(feA/-butyldimethylsilyloxy)ribos-1 -yl)imidazolidin-2(3H)- 
4-carboxamide (280 mg) and ammonium fluoride (240 mg, 6.5 mmol) in 
methanol (20 ml).The desired nucleoside (110 mg, 0.19 mmol) was isolated 
as an orange solid by chromatography, eluting in 10% methanol in 
dichloromethane. 5 H (CD 3 OD) 1.72 (2H t quintet, J = 6.9 Hz, 

15 NCH 2 CH2CH 2 N), 2.23 (1H, m, 2 , -CH a H b ), 2.30 (1H, m, 2'-CH a H b ), 2.94 (2H, 
t, J = 6.9Hz, CH2NHSO2), 3.30 (2H, obscured m, CONHCH2), 3.67 (2H, m, 
S'-Chh), 3.88 (1H, m, 4'-CH); 4.38 (1H, m, 3'-CH), 5.97 (1H, t, J = 6.9 Hz, 
r-CH), 6.84 (2H, d, J = 9 Hz, 2 x ArH), 7.28 (1H, s, imidazolone 5-H), 7.87 
(2H, d, J = 9 Hz, 2 x ArH), and 7.90 - 7.96 (4H, m, N2C6H4SQ2). 

20 

Preparation of N-6-(6-f4-(4-N,N- 
dimethylaminophenvl)azobenzenesulfonamido)hexanamido)hexyl 1 - 
(2 , -deoxyribos-1 , -vl)imidazolidin-2(3H)-one-4-carboxamide 

25 This was prepared according to the same procedure 24 using 

N-(6-(6-(4-(4-N,N- 

dimethylaminophenyl)azobenzenesulfonamido)hexanamido)hexyl 1-(2'- 
deoxy-3\5'-di(terf-butyldimethylsN^^^ 

carboxamide (720 mg) and ammonium fluoride (240 mg, 6 mmol) in 
30 methanol (20 ml). The desired nucleoside (260 mg, 32 % over two steps) 
was isolated as an orange solid by chromatography, eluting in 10 % 
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methanol in dichloromethane. 8 H (D 6 -DMSO) 1.10 - 1.42 (14 H, m, 7 x 
CHz), 1.97 (2H, t, J = 7.2 Hz, C\±>CO), 2.09 (2H, m, 2'-^), 2.73 (2H, t, J = 
6.9 Hz, ChUNHSOz), 2.96 (2H, brt, ChfeNH), 3.08 (6H, s, (CH 3 ) 2 N), 3.13 
(2H, partially obscured m, CH2NH), 3.44 (2H, m, 5'-CH2), 3.71 (1H, m, 4- 
5 CH), 4.21 (1 H, m, 3'-CH), 4.85 (1 H, t, 6 Hz, 5*-OH), 5.20 (1 H, d, J = 6 Hz, 
3-OH), 5.82 (1H, t, J = 6.3 Hz, 1'-CH), 6.85 (2H, d, J = 9.3 Hz, 2 x ArH), 
7.25 (1H, s, imidazolone 5H), 7.82 (2H, d, J = 9.3 Hz, 2 x ArH), and 7.89 
(4H, s, N2C6H4SO2); 5c (D 6 -DMSO) 26.19, 27.10, 27.44, 30.11, 30.45, 
36.56, 36.61, 39.51, 39.60, 43.75, 63.30, 72.05, 82.81, 88.20, 112.95, 
10 113.03, 118.65, 123.54, 126.73, 129.12, 143.97, 153.36, 154.47, 155.81, 
159.65, and 172.00; m/z 743.14 (M + ). 

Preparation of N-3-(4-trifluoroacetamidobutanovl)aminopropyl 1-(2'- 
deoxv-5'-(4,4'-dimethoxvtrityloxv)ribos-1'-vnimidazolidin-2(3H)-one-4- 
15 carboxamide (25) 

N-(3-(4-trifluoroacetamidobutanoyl)aminopropyl) 1 -(2'- 
deoxyribos-1'-yl)imidazolidin-2(3/-/)-one-4-carboxamide (110 mg, 0.23 
mmol) in dry pyridine (2 ml) was treated with 4,4'-dimethoxytrityl chloride 
(93 mg, 0.27 mmol) in dichloromethane (1 ml) and 4-N.N- 

20 ' dimethylaminopyridine (10 mg). The mixture was stirred at room 

temperature for 6 hours. Portions of dimethoxytrityl chloride were added 
until tic (9:1 dichloromethane: methanol) showed that no starting material 
remained. The solvent was removed in vacuo and the desired product 
isolated by chromatography eluting with 100:10:1 

25 dichloromethane:methanol:triethylamine to give the trityl ether (1 80 mg, 
80%) as a colourless solid accompanied by 2 molar equivalents of 
triethylamine. 8 H (CD 3 CN) 1.60 (2H, br quintet, J = 6.3 Hz, 
NCH2CH2CH2N), 1.76 (2H, quintet, J = 6.6 Hz, CH2CH2CH2CO), 2.20 (2H, 
t, J = 6.9 Hz, CH2CH2CH2CO), 2.15 - 2.60 (2H, partially obscured m, 2- 

30 CH2), 3.14 (4H, m, 2 x CH2N), 3.23 (4H, m, CH2N, 5'-ChU), 3.70 (6H, s, 2 x 
CH3O), 3.89 (1H, br m, 4'-CH), 4.35 (1H, br m, 3'-CH), 5.94 (1H, t, J = 6.6 
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Hz), 6.80 (4H, d, J = 8.4 Hz, 4 x ArH), 7.12 (1H, s, imidazolone 5H), 7.15- 
7.24 (3H, m, 3 x ArH), 7.29 (4H, d, J = 8.4 Hz, 2 x ArH), 7.40 (2H, d, J = 7.2 
Hz, 2 x ArHJ, and 7.55 (1H, brm, CF3CONH); 5 C (CD 3 CN) 25.07, 29.85, 
33.96, 37.15, 39.92, 40.24, 55.73, 65.21, 71.96, 82.91, 86.30, 86.84, 
5 113.22, 113.91, 117.10, 118.20, 119.09, 127.63, 128.69, 128.90, 130.85, 
130.89, 136.80, 136.85, 146.03, 153.73, 157.73, 159.46, 159.99, and 
173.93; m/z 782.22 (M-1V. 

Preparation of N-3-(4-(4-(4-N.N- 
10 dimethvlaminophenvl)azobenzenesulfonamido)-butanoyl)aminopropvl 
1-f2 , -deoxv-5'-f4.4 , -dimethoxvtritvloxv)ribos-1 , -vnimidazolidin-2f3Ay)- 

one-4-carboxamide 

This was prepared in the same manner as 25 using N-(3-(4- 

15 (4-(4-N,N-dimethylaminophenyl)azobenzenesulfonamido)- 

butanoyl)aminopropyl 1-(2'-deoxyribos-1'-yl)imidazolidin-2(3H)-one-4- 
carboxamide (300 mg, 0.48 mmol) in anhydrous pyridine (2 ml) and 4,4'- 
dimethoxytrityl chloride (134 mg, 0.4 mmol) in dichloromethane (4 ml). A 
further portion of 4,4'-dimethoxytrityl chloride (200 mg) was added. The 

20 desired material was isolated by chromatography in 

dichloromethane:methanol:triethylamine (100:10:1) to give 330 mg (74%) 
of an orange oil contaminated with 1 molar equivalent of triethylamine; 5h 
(CD3OD/CD3CN) 1.62 (2H, quintet, J = 6.6 Hz, NHCH2CH2CH2NH), 1.75 
(2H, quintet, J = 6.9 Hz, NHCH 2 CH2CH 2 CO), 2.20 (2H, t, J = 6.9 Hz, 

25 NHCH 2 CH 2 CH2CO), 2.29 (2H, m, 2-CH2), 2.90 (2H, t, J = 6.9 Hz, 

CH2NHSO2), 3.10 (6H, s, (CH 3 ) 2 N), 3.10 (2H, obscured m, CH2NHCO), 
3.20 - 3.25 (4 H, m, S'-CH^O, CH2NHCO), 3.74 (6 H, s, 2 x CH 3 0), 3.95 (1 
H, m, 4'-CH), 4.38 (1H, m, 3'-CH), 5.99 (1H, t, J = 6.3 Hz, 1'-CH), 6.81 (6 
H, m, 6 x ArH), 7.16 (1H, s, imidazolone 5H), 7.19 - 7.30 (9 H, m, 9 x ArH), 

30 7.41 (2H, d, J = 8.4 Hz, 2 x ArH), 7.84 (4H, d, J = 9 Hz, 4 x ArH), and 7.90 
(4H, m, N-C 6 H 4 -S0 2 ); 6 C (CD3OD/CD3CN) 19.14, 22.58, 26.33, 30.00, 
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32.75, 48.13, 57.93, 64.99, 76.07, 79.41, 79.91, 105.02, 105.74, 106.51, 
110.56, 115.86, 119.07, 120.22, 123.66, 129.56, 133.82, 138.75, 147.28, 
149.17, 152.46, 153.35, and 167.66; m/z 975.11 (M + ). 

5 Preparation of N-4-(3-(4-(4-N.N- 

dimethvlaminophenyl)azobenzenesulfonamido)propylamino)-4- 
oxobutyl 1-(2'-deoxv-5'-(4,4'-dimethoxvtritvloxv)ribos-1 '- 
yl)imidazolidin-2(3H)-one-4-carboxamide 

10 This was prepared in the same manner as 25 using N-(4-(3- 

(4-(4-N,N-dimethylaminophenyl)azobenzenesulfonamido)propylamino)-4- 
oxobutyl 1-(2'-deoxyribos-1 '-yl)imidazolidin-2(3/-/)-one-4-carboxamide (170 
mg, 0.25 mmol) in anhydrous pyridine (2 ml) and 4,4'-dimethoxytrityl 
chloride (134 mg, 0.4 mmol) in dichloromethane (4 ml). A further two 

15 portions of 4,4'-dimethoxytrityl chloride (40 and 36 mg respectively) were 
added. The desired material was isolated by chromatography in 
dichloromethane:methanol:triethylamine (100:4:1) and the gum triturated in 
ether to give the desired material (139 mg, 57%) as an orange solid. 5h (D 6 - 
DMSO) 1.51 (2H, quintet, J = 6.9 Hz, NHCH2CH2CH2NH), 1.63 (2H, 

20 quintet, J = 6.9 Hz, NHCH2CH2CH2CO), 2.05 (2H, t, J = 6.9 Hz, 

NHCH2CH2CH2CO), 2.14 (2H, m, 2'-CH2), 2.78 (2H, br t, CH2NHSO2). 3.00 
(2H, partially obscured m, CH2N), 3.11 (6H, s, (CH 3 ) 2 N), 3.15 (2H, m, 
CH 2 N), 3.35 (2H, obscured m, 5'-CH2), 3.71 (6H, s, 2 x CH 3 0), 3.81 (1H, 
m, 4'-CH), 4.15 (1H, m, 3'-CH), 5.30 (1H, br s, 3-OH), 5.84 (1H, t, J = 6.3 

25 Hz, 1 -CH), 6.82 - 6.86 (6 H, m, 6 x ArH), 7.18 - 7.29 (7H, m, 7 x ArH), 
7.35 (1H, s, imidazolone 5H), and 7.80 - 7.90 (8H, m, 8 x ArH); m/z 975.08 
(M + ). 



30 
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Preparation of N-3-(4-(4-N.N- 
dimethylaminophenvl)azobenzenesulfonamido)propyl 1-(2'-deoxv-5'- 
(4.4 , -dimethoxvtritvloxv)ribos-1'-vl)imidazolidin-2(3H>-one-4- 

carboxamide 

5 

This compound was prepared according to the procedure 
used for preparing 25 using N-3-(4-(4-N,N- 

dimethylaminophenyl)azobenzenesulfonamido)propyl 1 -(2'-deoxyribos-1 '- 
yl)imidazolidin-2(3H)-4-carboxamide (110 mg, 0.19 mmol) in anhydrous 

10 pyridine (2 ml) and 4,4'-dimethoxytrityl chloride (79 mg, 0.23 mmol) in 

dichloromethane (4 ml). Further aliquots of 4,4'-dimethoxytrityl chloride (20, 
16,13 and 13 mg) were added. The desired material (99 mg, 58 %) was 
isolated after chromatography in dichloromethane:methanol:triethylamine 
(100:10:1). 8 H (D 6 -DMSO) 1.58 (2H, quintet, J = 6.9 Hz, NHCH2CH2CH2N), 

15 2.13 (2H, m, 2'-CH2), 2.80 (2H, br t, CH2NHSO2), 3.08 (6H, s, (CH 3 ) 2 N), 
3.15 (2H, partially obscured m, CH2NHCO), 3.30 (2H, obscured m, 5-CH2), 
3.79 (1H, m, 4'-CH), 4.17 (1H, m, 3-CH), 5.30 (1H, d, 3'-OH), 5.81 (1H, t, J 
= 6.2 Hz, 1'-CH), 6.83 (6H, m, 6 x CH2), 7.17 - 7.27 (8H, m, 8 x Chb), 7.82 
(2H, d, J = 9.3 Hz, 2 x ArH), and 7.89 (4H, s, NzCstUSOa); m/z 890 (M + ). 

20 

Preparation of N-(6-f6-f4-f4-N.N- 
dimethvlaminophenvl>azobenzenesulfonamido)hexanamido)hexvl 1- 
f2 , -deoxv-5 , -(4.4 , -dimethoxvtritvloxv)ribos-1 , -vl)imidazolidin-2(3H)- 

one-4-carboxamide 

25 

This was prepared according the procedure used for the 
preparation of 25 using N-6-(6-(4-(4-N,N- 

dimethylaminophenyl)azobenzenesulfonamido)hexanamido)hexyl 1-(2'- 
deoxyribos-1'-yl)imidazolidin-2(3H)-one-4-carboxamide (200 mg, 0.27 
30 mmol) in anhydrous pyridine (2 ml) and 4,4'-dimethoxytrityl chloride (110 
mg, 0.32 mmol) in dichloromethane (4 ml). Further aliquots of 4,4'- 
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10 



dimethoxytrityl chloride (36, 35, 25, 23, and 20 mg). Chromatography 
eluted the desired material (220 mg, 75 %) in 
dichloromethane:methanol:triethylamine (100:5:1) contaminated with 
triethylamine, and methanol. 8 H (D 6 -DMSO) 1.12 - 1.45 (14 H, m. 7 x 
CHa) 1 97 (2 H, t, J = 7.2 Hz, CH^CO), 2.08 - 2.20 (2 H, m, 2'-CHa), 2.70 
(2 H, t, J = 6.9 Hz, C&SCH 2.96 (2 H, m, C&NH), 3.09 (2 H, obscured m, 
CtfcNH) 3 36 (2 H, obscured m, S'-CHa), 3.70 (3 H, s, CH 3 0), 3.71 (3 H, s, 
CH 3 0) 3.80 (1 H, m, 4--CH), 4.17 (1 H, m, 3'CH), 5.31 (1 H, d, 3'-C±D, 5.83 
(1 H t J = 6.3 Hz, r-CH), 6.83 (6 H. m, 6 x ArH), 7.17 - 7.28 (8H, m, 8 x 
ArH), 7.37 (2H, d, J = 7.2 Hz, 2 x ArH), 7.82 (2H, d, J = 9.3 Hz, 2 x ArH), 
and 7.89 (4 H, s, N 2 C 6 H 4 S0 2 ); m/z 1045.07 (M + ). 

Pre paration o* M.a44.trifluor^ ^t a midobutanoy1)aminopropyl 1-(3'-(2- 
^^^Yi^i^nnropvlaminnpho^ohitvl^'^eoxv-SVl^ 



15 dimetho) 



20 



25 



/ inY Y)"bos-1'-v ' |i"iid a zolidin-2 C*")-""^- A - carboxam ' de 
1261 



30 



N-(3-(4-trif luoroacetamidobutanoyhaminopropyl) 1 -(2'-deoxy- 
5 4 44--dimethoxytrityloxy)ribos-r-yl)imidazolidin-2(3H)-one-4-carboxamide 

(180 mg, 0.18 mmol) was dissolved in anhydrous tetrahydrofuran (3 ml) 
under an atmosphere of argon. The solution was treated with N,N- 
diisopropylethylamine (71 mg, 0.55 mmol) and then (2- 
cyanoethyl)diisopropylchlorophos P horamidite (65 mg, 0.27 mmol) with ice 
cooling. The mixture was stirred at room temperature. After 10 minutes, tic 
(9:1 dichloromethane-.methanol) showed starting materials remained so a 
further aliquot of N,N-diisopropylethylamine (48 mg, 0.36 mmol) and (2- 
cyanoethyl)diisopropylchlorophosphoramidite (40 mg, 0.18 mmol) were 
added. After 30 minutes tic showed no starting material remained. Ethyl 
acetate (25 ml) was added to the reaction and the solution was washed 
with brine (10 ml), dried (MgS0 4 ), filtered and evaporated. The resultant oil 
was taken into dichloromethane (1.5 ml) and added to stirred ice-cold 40- 
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60 petroleum ether to precipitate the solid. The product was dried in vacuo 
and used without further purification. 8 P (CD 3 CN) 147.95, and 148.17. 

Preparation of N-(3-(4-(4-(4-N,N- 
5 dimethvlaminophenvl)azobenzenesulfonamido)-butanovl)aminopropy| 
1-(3 , -f2-cvanoethvl)diisopropylaminophosphitvloxv-2 , ->deoxv-5 , 'f4,4^ 
dimethoxytritvloxvlribos-l'-vnimidazolidin^tS^-one^-carboxamide 

(27) 

io This phosphoramidite was prepared according to the same 

procedure as 26 using N-(3-(4-(4-(4- 

dimethylaminophenyl)azobenzenesulfonamido)-butanoyl)aminopropyl 1-(2'- 
deoxy-5 , -(4 t 4 , -dimethoxytrityloxy)ribos-1'-yl)imidazolidin-2(3H)-one-4- 
carboxamide (138 mg, 0.14 mmol) and (2- 

15 cyanoethyl)diisopropylaminochlorophosphoramidite (50 mg, 0.21 mmol) 
and diisopropylethylamine (54 mg, 0.42 mmol). Further aliquots of (2- 
cyanoethyl)diisopropylaminochlorophosphoramidite (50 mg) and 
diisopropylethylamine (54 mg) were required to ensure that the reaction 
went to completion. The product was obtained as an orange solid (150 mg) 

20 following precipitation. 5 P (CD 3 CN) 148.04, 148.27. 

Preparation of N-(4-(3-(4-(4-N.N- 
dimethvlaminophenyl)azobenzenesulfonamido)propylamino)-4- 
oxobutyl 1>(3 , -(2-cvanoethvl)diisopropylaminophosph8tyloxv)-2 > - 
25 deoxv-5 , -(4,4 , -dimethoxvtritvloxv)ribos-1 a -vl)imidazolidin-2f3H)-one>4- 

carboxamide (28) 
This phosphoramidite was prepared according to the same 
procedure as 26 using N-(4-(3-(4-(4-N,N~ 

dimethylaminophenyl)azobenzenesulfonamido)propylamino)-4-oxobutyryl 
30 1 -(2 , -deoxy-5 , -(4,4 , -dimethoxytrityloxy)ribos-1 '-yl)imidazoiidin-2(3/-/)-one-4- 
carboxamide (139 mg, 0.14 mmol) and (2- 
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cyanoethyl)diisopropylaminochlorophosphoramidite (50 mg, 0.21 mmol) 
and diisopropylethylamine (54 mg, 0.42 mmol). Further aliquots of (2- 
cyanoethyl)diisopropylaminochlorophosphoramidite (50 mg) and 
diisopropylethylamine (54 mg) were required to ensure that the reaction 
5 went to completion. The product was obtained as an orange solid (139 mg) 
following precipitation. 5 P (CD 3 CN) 147.98 and 148.22. 

Preparation of N-6-(6-(4-(4-N,N- 
dimethvlaminophenvl)azobenzenesulfonamido)hexanamido)hexvl 1* 
10 (3 , -f2-cvanoethvldiisopropylaminophosphitvloxv)-2 , -deoxv-5 , -(4.4'- 
dimethoxvtritvloxv)ribos-r-vl)imidazolidin-2(3H)-one-4-carboxamide 

(29) 

This phosphoramidite was prepared according to the same 
procedure as 26 using N-(6-(6-(4-(4-N,N- 
15 dimethylaminophenyl)azobenzenesulfonamido)hexanamido)hexyl 1-(2'- 
deoxy-5 , -(4,4'-dimethoxytrityloxy)ribos-1'-yl)imidazolidin-2(3H)--one-4- 
carboxamide (111 mg, 0.11 mmol), (2- 

cyanoethyl)diisopropylaminochlorophosphoramidite (38 mg, 0.16 mmol), 
and diisopropylethylamine (41 mg, 0.32 mmol). Further aliquots of (2- 
20 cyanoethyl)diisopropylaminochlorophosphoramidite (38 mg, 0.16 mmol) 
and diisopropylethylamine (52 mg, 0.32 mmol) to ensure that the reaction 
had gone to completion. The product was obtained as an orange solid (105 
mg) following precipitation. 6 P (CD 3 CN) 148.05 and 148.26. 



30 



WO 01/16150 



PCT/GBOO/03301 



45 

Preparation of N-3-(4-(4-N.N- 
dimethvlaminophenvl)azobenzenesulfonamido)propyl 1 -(3 1 -(2- 
cvanoethvl)diisopropvlaminophosphitvloxv)-2 , -deoxv-5M4,4'- 
dimethoxvtritvloxv)ribos-1'-vl)imidazolidin-2(3H)-one-4-carboxamide 
5 (301 

This phosphoramidite was prepared according to the same 
procedure as 26 using N-3-(4-(4-N,N- 

dimethylaminophenyl)azobenzenesulfonamido)propyl 1-(2 , -deoxy-5'-(4 l 4'- 
10 dimethoxytrityloxy)ribos-1 '-yl)imidazolidin-2(3H)-one-4-carboxanriide (80 
mg, 0.09 mmol), (2-cyanoethyl)diisopropylaminochlorophosphoramidite (43 
mg, 0.18 mmol), and diisopropylethylamine (47 mg, 0.36 mmol). Further 
aliquots of (2-cyanoethyl)diisopropylaminochlorophosphoramidite (43 mg, 
0.18 mmol) and diisopropylethylamine (47 mg, 0.36 mmol) were added to 
15 ensure that the reaction had gone to completion. The product was obtained 
as an orange solid (75 mg) following precipitation. 5 P (CD 3 CN) 147.99 and 
148.23. 

EXAMPLE 4 

20 

Preparation of Templates containing imidazolidin-2(3H)-one-4- 
carboxamide base analogues 

Five oligonucleotides were prepared, each of the same 
25 sequence, differing only in the imidazolidin-2(3H)-one-4-carboxamide 
phosphoramidite used to synthesise them. 

Oligonucleotide seguence 

30 5'- ACT GXA AGG GGA TCC TCT AGA GTC GAC CTG CA -3' 
where X is the imidazolidin-2(3H)-one-4-carboxamide nucleotide 
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Template 1 : synthesised using phosphoramidite 26 

Template 2 : synthesised using phosphoramidite 27 

Template 3 : synthesised using phosphoramidite 28 

Template 4 : synthesised using phosphoramidite 29 

Template 5 : synthesised using phosphoramidite 30 



The phosphoramidites prepared as described above were 
dissolved in DNA reagent grade acetonitrile supplied by Cruachem to make 
1 mmolar solutions. The natural base phosphoramidites were obtained 
10 from Amersham Pharmacia Biotech and dissolved in DNA grade 

acetonitrile according to the manufacturer's instructions immediately before 
oligonucleotide synthesis. The synthetic phosphoramidites were dissolved 
in DNA reagent grade acetonitrile to make 1 mmolar solutions with the 
exception of 29, which was dissolved in 1 :1 tetrahydrofuran.acetonitrile 
is The oligonucleotides were synthesised in three steps on an 

ABI 394 DNA synthesiser. 

The first 27 bases were synthesised using the preprogammed 
0.2 jiM CE cycle (DMT On) on a 1 000A CPG A column from ABI. 

In the next step, the imidazolidin-2(3H)-one-4-carboxamide 
20 base was added using a manual cycle (DMT On) synthetic 

phosphoramidite (26) was reacted using this cycle with a coupling time of 6 
minutes and the DABSYL labelled analogues (27 - 30) was reacted with a 
coupling time of 12 minutes. 

Finally, the last four bases were added using the pre- 
25 programmed 0.2 jaM CE cycle (DMT Off). 

The oligonucleotides were cleaved from the CPG support 
using ammonia and the bases deprotected by heating the ammoniacal 
solution at 57°C for 18 hours. The crude oligonucleotides were PAGE 
purified and desalted using a NAP-5 column using water as eluent. 



30 
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Read-through Experiments 

Recognition of the imidazolidin-2(3/^-one-4-carboxamide 
nucleobase analogues in oligonucleotides by polymerase enzymes was 
5 carried out in the following read-through experiments. 

The oligonucleotides described above were used as 
templates and a 25 mer primer (5-FAM-TGC AGG TCG ACT CTA GAG 
GAT CCC C-3') (supplied by Oswell) 

10 EXAMPLE 4A 

A hybridisation mixture consisting of primer (7 jlxI of a 46 jiM 
solution in water), Template 1 (7 jal of a 100 p,M solution in water), 5 X 
KGB buffer (250 mM Tris acetate, 17.5 mM magnesium acetate, 125 mM 
15 potassium glutamic acid, 10% glycerol, pH 7.9) (28 jal) and double distilled 
water (28 y\) was heated to 95°C for 10 minutes and cooled slowly to room 
temperature. 

A premix of Thermosequenase II™ (20U, 5 ^il), dNTP (5 jal of 
an 8 mM solution) and water (40 jxl) was prepared. 

20 The hybridisation mixture (50 yl) and premix were mixed and 

the reaction mixture incubated at 72°C and 10 jil samples were taken 
before incubation and after 30, 60, 90, 120, 150, 180, 210, 240, and 600 
seconds. The reaction samples were quenched with EDTA (2 jal of a 50 
mM solution at pH 8). Orange G in 80% formamide (5 jal) was added and 

25 the mixture heated to 95°C for 3 minutes. Primer alone, primer plus 
template, primer plus template plus enzyme, primer plus enzyme plus 
dNTPs, template plus enzyme plus dNTPs, primer plus template plus 
dNTPs controls were also carried out, incubating at 72°C for 300 s. 
The reactions were analysed on 8% denaturing 

30 polyacrylamide gel and imaged on a Molecular Dynamics Fluorimager. This 
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showed that full length extended primer was formed in the reaction and 
therefore that Thermosequenase II™ had read through the base analogue 
in the template oligonucleotide. 

5 EXAMPLE 4B 

A hybridisation mixture consisting of primer (7 jn.1 of a 46 [iM 
solution in water), Template 2 (7 |il of a 100 |iM solution in water), 5 X 
KGB buffer (250 mM Tris acetate, 17.5 mM magnesium acetate, 125 mM 
10 potassium glutamic acid, 10% glycerol, pH 7.9) (28 ^il) and double distilled 
water (28 |al) was heated to 95°C for 10 minutes and cooled slowly to room 
temperature. 

A premix of Thermosequenase II™ (20U, 5 jal), dNTP (5 ^l of 
an 8 mM solution) and water (40 jil) was prepared. 

15 The hybridisation mixture (50 ^1) and premix were mixed and 

the reaction mixture incubated at 72°C and 10 ^l samples were taken 
before incubation and after 30, 60, 90, 120, 150, 180, 210, 240, and 600 
seconds. The reaction samples were quenched with EDTA (2 \i\ of a 50 
mM solution at pH 8). Orange G in 80% formamide (5 |^l) was added and 

20 the mixture heated to 95°C for 3 minutes. Primer alone, primer plus 
template, primer plus template plus enzyme, primer plus enzyme plus 
dNTPs, template plus enzyme plus dNTPs, primer plus template plus 
dNTPs controls were also carried out, incubating at 72°C for 300 s. 
The reactions were analysed on 8% denaturing 

25 polyacrylamide gel and imaged on a Molecular Dynamics Fluorimager. This 
showed that full length extended primer was formed in the reaction and 
therefore that Thermosequenase II™ had read through the base analogue 
in the template oligonucleotide. 
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Example 4C 

A hybridisation mixture consisting of primer (7 |il of a 46 DM 
solution in water), Template 3 (7 |il of a 100 nM solution in water), 5 X 
5 KGB buffer (250 mM Tris acetate, 17.5 mM magnesium acetate, 125 mM 
potassium glutamic acid, 10% glycerol, pH 7.9) (28 (il) and double distilled 
water (28 jal) was heated to 95°C for 10 minutes and cooled slowly to room 
temperature. 

A premix of Thermosequenase II™ (20U, 5 |nl), dNTP (5 ^l of 

10 an 8 mM solution) and water (40 jxl) was prepared. 

The hybridisation mixture (50 jal) and premix were mixed and 
the reaction mixture incubated at 72°C and 10 ^1 samples were taken 
before incubation and after 30, 60, 90, 120, 150, 180, 210, 240, and 600 
seconds. The reaction samples were quenched with EDTA (2 jal of a 50 

15 mM solution at pH 8). Orange G in 80% formamide (5 jJ) was added and 
the mixture heated to 95°C for 3 minutes. Primer alone, primer plus 
template, primer plus template plus enzyme, primer plus enzyme plus 
dNTPs, template plus enzyme plus dNTPs, primer plus template plus 
dNTPs controls were also carried out, incubating at 72°C for 300 s. 

20 The reactions were analysed on 8% denaturing 

polyacrylamide gel and imaged on a Molecular Dynamics Fluorimager. This 
showed that full length extended primer was formed in the reaction and 
therefore that Thermosequenase II™ had read through the base analogue 
in the template oligonucleotide. 

25 

EXAMPLE 4D 



30 



A hybridisation mixture consisting of primer (7 ^1 of a 46 ^M 
solution in water), Template 4 (7 ^1 of a 100 ^iM solution in water), 5 X 
KGB buffer (250 mM Tris acetate, 17.5 mM magnesium acetate, 125 mM 
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potassium glutamic acid, 10% glycerol, pH 7.9) (28 |il) and double distilled 
water (28 ^l) was heated to 95°C for 10 minutes and cooled slowly to room 
temperature. 

A premix of Thermosequenase II™ (20U, 5 nl), dNTP (5 jil of 

5 an 8 mM solution) and water (40 was prepared. 

The hybridisation mixture (50 ^l) and premix were mixed and 
the reaction mixture incubated at 72°C and 10 jil samples were taken 
before incubation and after 30, 60, 90, 120, 150, 180, 210, 240, and 600 
seconds. The reaction samples were quenched with EDTA (2 jal of a 50 

10 mM solution at pH 8). Orange G in 80% formamide (5 jal) was added and 
the mixture heated to 95°C for 3 minutes. Primer alone, primer plus 
template, primer plus template plus enzyme, primer plus enzyme plus 
dNTPs, template plus enzyme plus dNTPs, primer plus template plus 
dNTPs controls were also carried out, incubating at 72°C for 300 s. 

15 The reactions were analysed on 8% denaturing ' 

polyacrylamide gel and imaged on a Molecular Dynamics Fluorimager. This 
showed that full length extended primer was formed in the reaction and 
therefore that Thermosequenase II™ had read through the base analogue 
in the template oligonucleotide. 

20 

EXAMPLE 4E 

A hybridisation mixture consisting of primer (7 jil of a 46 ^M 
solution in water), Template 5 (7 jil of a 100 ^M solution in water), 5 X 
25 KGB buffer (250 mM Tris acetate, 17.5 mM magnesium acetate, 125 mM 
potassium glutamic acid, 10% glycerol, pH 7.9) (28 jil) and double distilled 
water (28 ^l) was heated to 95°C for 10 minutes and cooled slowly to room 
temperature. 

A premix of Thermosequenase II™ (20U, 5 jil), dNTP (5 ^il of 
30 an 8 mM solution) and water (40 \x\) was prepared. 
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The hybridisation mixture (50 ^l) and premix were mixed and 
the reaction mixture incubated at 72°C and 10 samples were taken 
before incubation and after 30, 60, 90, 120, 150, 180, 210, 240, and 600. 
The reaction samples were quenched with EDTA (2 jil of a 50 nriM solution 
5 at pH 8). Orange G in 80% formamide (5 jxl) was added and the mixture 
heated to 95°C for 3 minutes. Primer alone, primer plus template, primer 
plus template plus enzyme, primer plus enzyme plus dNTPs, template plus 
enzyme plus dNTPs, primer plus template plus dNTPs controls were also 
carried out, incubating at 72°C for 300 s. 
10 The reactions were analysed on 8% denaturing 

polyacrylamide gel and imaged on a Molecular Dynamics Fluorimager. This 
showed that full length extended primer was formed in the reaction and 
therefore that Thermosequenase II™ had read through the base analogue 
in the template oligonucleotide. 

15 

EXAMPLE 4F 

A hybridisation mixture consisting of primer (7 jnl of a 46 DM 
solution in water), Template 2 (7 jllI of a 100 DM solution in water), 10 x 
Thermopol buffer (Biolabs) (21 ^l) and double distilled water (35 yl) was 
20 heated to 95°C for 10 minutes and cooled slowly to room temperature. 

A premix of Bst polymerase (Biolabs) (8U, 5 ^il), dNTP (5 
of an 8 mM solution) and water (40 \x\) was prepared. 

The hybridisation mixture (50 and premix were mixed and 
the reaction mixture incubated at 72°C and 10 jil samples were taken 
25 before incubation and after 30, 60, 90, 120, 150, 180, 210, 240, and 600 
seconds. The reaction samples were quenched with EDTA (2 jal of a 50 
mM solution at pH 8). Orange G in 80% formamide (5 j^l) was added and 
the mixture heated to 95°C for 3 minutes. Primer alone, primer plus 
template, primer plus template plus enzyme, primer plus enzyme plus 
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dNTPs, template plus enzyme plus dNTPs, primer plus template plus 
dNTPs controls were also carried out, incubating at 72°C for 300 s. 

The reactions were analysed on 8% denaturing 
polyacrylamide gel and imaged on a Molecular Dynamics Fluorimager. this 
5 showed that full length extended primer was formed in the reaction and 
therefore that Bst Polymerase had read through the base analogue in the 
template oligonucleotide. 

EXAMPLE 4G 

io 

A hybridisation mixture consisting of primer (7 jal of a 46 
solution in water), Template 2 (7 |il of a 100 solution in water), 5 X 
KGB buffer (250 mM Tris acetate, 17.5 mM magnesium acetate, 125 mM 
potassium glutamic acid, 10% glycerol, pH 7.9) (28 jal) and double distilled 
15 water (28 jal) was heated to 95°C for 10 minutes and cooled slowly to room 
temperature. 

A premix of TTS DNA polymerase ( as described in PCT 
Patent Application No. PCT/US96/20225 ) (20U, 5 ^l), dNTP (5 of an 8 
mM solution) and water (40 was prepared. 

20 The hybridisation mixture (50 \x\) and premix were mixed and 

the reaction mixture incubated at 72°C and 10 jal samples were taken 
before incubation and after 30, 60, 90, 120, 150, 180, 210, 240, and 600 
seconds. The reaction samples were quenched with EDTA (2 \i\ of a 50 
mM solution at pH 8). Orange G in 80% formamide (5 jal) was added and 

25 the mixture heated to 95°C for 3 minutes. Primer alone, primer plus 
template, primer plus template plus enzyme, primer plus enzyme plus 
dNTPs, template plus enzyme plus dNTPs, primer plus template plus 
dNTPs controls were also carried out, incubating at 72°C for 300 s. 
The reactions were analysed on 8% denaturing 

30 polyacrylamide gel and imaged on a Molecular Dynamics Fluorimager. This 
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showed that full length extended primer was formed in the reaction and 
therefore that TTS had read through the base analogue in the template 
oligonucleotide. 

5 EXAMPLE 5 

Identification of Base Complement to lmidazolidin-2(3H)-one-4- 
carboxamide Base Analogue 

10 EXAMPLE 5A 

Four reactions were set up to identify the base complement to 
the imidazolidin»2(3H)-one-4-carboxamide base analogue. 

To hybridisation mixture as prepared in example 4B (5 ^il) 

15 was added 

i) premix of Thermosequenase II™ (1 jal), dTTP (1 jal of 
8mM solution) and water (13 

iij premix of Thermosequenase II™ (1 fxl), dTTP (1 jal of 
8mM solution), dATP (1 jil of 8mM solution) and water (12 ^l) 
20 iii) premix of Thermosequenase II™ (1 ^l), dTTP (1 jil of 

8mM solution), dGTP (1 of 8mM solution) and water (12 ^l) 

iv) premix of Thermosequenase II™ (1 |il), dTTP (1 ^l of 
8mM solution), dCTP (1 jil of 8mM solution) and water (12 ^il) 

The reactions were incubated at 72°C for 5 minutes and were 
25 quenched with EDTA (4 |il of a 50 mM solution, pH 8) 

These reactions were run alongside the controls in example 
4B. The reactions were analysed on 8% denaturing polyacrylamide gel and 
imaged on a Molecular Dynamics Fluorimager. 

Only reaction ii showed product due to the primer being 
30 extended by three bases, the remaining three reactions (i, iii, and iv) 
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showed only the addition of two thymidine bases. These reactions show 
that only dATP is a base complement to the imidazolidin-2(3H)-one-4- 
carboxamide base analogue and therefore the analogue behaves as a 
thymidine analogue. 

5 

EXAMPLE 5B 

Four reactions were set up to identify the base complement to 
the imidazolidin-2(3/-/)-one-4-carboxamide base analogue. 
10 To hybridisation mixture as prepared in example 4B (5 p\) 

was added 

i) premix of Bst polymerase (1 jil), dTTP (1 jul of 8mM 
solution) and water (13 jal) 

ii) premix of Bst polymerase (1 jxl), dTTP (1 |al of 8mM 
15 solution), dATP (1 y\ of 8mM solution) and water (12 jai) 

iii) premix of Bst polymerase (1 nl), dTTP (1 p\ of 8mM 
solution), dGTP (1 yl of 8mM solution) and water (12 (il) 

iv) premix of Bst polymerase (1 ^il), dTTP (1 \i\ of 8mM 
solution), dCTP (1 of 8mM solution) and water (12 jal) 

20 The reactions were incubated at 72°C for 5 minutes and were 

quenched with EDTA (4 jxl of a 50 mM solution, pH 8) 

These reactions were run alongside the controls in example 
4B. The reactions were analysed on 8% denaturing polyacrylamide gel and 
imaged on a Molecular Dynamics Fluorimager. 

25 Only reaction ii showed product due to the primer being 

extended by three bases, the remaining three reactions (i, iii, and iv) 
showed only the addition of two thymidine bases. These reactions show 
that only dATP is a base complement to the imidazolidin-2(3H)-one-4- 
carboxamide base analogue and therefore the analogue behaves as a 

30 thymidine analogue. 
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EXAMPLE 5C 

Four reactions were set up to identify the base complement to 
5 the imidazolidin-2(3H)-one-4-carboxamide base analogue. 

To hybridisation mixture as prepared in example 2 (5 jal) was 

added 

v) premix of TTS (1 ^l), dTTP (1 jxl of 8mM solution) and 

water (13 nl) 

io vi) premix of TTS (1 \x\), dTTP (1 jil of 8mM solution), 

dATP (1 \x\ of 8mM solution) and water (12 jliI) 

vii) premix of TTS (1 ^il), dTTP (1 nl of 8mM solution), 
dGTP (1 jil of 8mM solution) and water (12 

viii) premix of TTS (1 jxl), dTTP (1 ^l of 8mM solution), 
15 dCTP (1 fil of 8mM solution) and water (12 jal) 

The reactions were incubated at 72°C for 5 minutes and were 
quenched with EDTA (4 ^il of a 50 mM solution, pH 8) 

These reactions were run alongside the controls in example 
2. The reactions were analysed on 8% denaturing polyacrylamide gel and 
20 imaged on a Molecular Dynamics Fluorimager. 

Only reaction ii showed product due to the primer being 
extended by three bases, the remaining three reactions (i, iii, and iv) 
showed only the addition of two thymidine bases. These reactions show 
that only dATP is a base complement to the imidazolidin-2(3H)-one-4- 
25 carboxamide base analogue and therefore the analogue behaves as a 
thymidine analogue. 

EXAMPLE 6 



30 Synthesis of Triazolone analogues 
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The synthesis of T analogue using the 1,2,4-triazol-3-one-5- 



carboxamides may be achieved using scheme 1. The preparation of 
compound 3 is known (T J Schwan and R L White, J Heterocycl. Chem., 

5 1975, 771). This compound may be glycosylated with the 1-D-chloro-3,5- 
ditoluoyl-2-deoxyribose. Removal of the toluoyl protecting groups and 
reprotection as the silyl ethers, followed by amidation with 
propylenediamine gives the extended amine (5). From here the 
triphosphate may be prepared by protection of the amine as its tert- 

10 butyoxycarbamate, removal of the silyl protecting groups and 

phosphorylation. The phosphoramidite may be prepared by extending the 
amine with TFA protected 4-aminobutyric acid NHS ester, removal of the 
silyl protecting groups, dimethoxytritylation and phosphitylation. 
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5 The invention is not limited to the embodiment and examples 

hereinbefore described which may be used in both structure and process 
step without departing from the invention. 
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CLAIMS 



1. 



A compound having the structure 



W-Y> 




r 



o 



x- 



N 



Q 



5 



where X is CH or N, 

Y is -CO-, -CONW-, -0-, -S-, -SO-, -S0 2 -, -NWCO-.-NW-, or - 

OCO-, 

W is the same or different at different places in the molecule 
10 and each is H or alkyl or aryl or Rp or -Ln-Rp, 



Ln is a linker group, 

Rp is a reporter moiety, and 

Q is a sugar or a sugar analogue or a nucleic acid backbone 



15 



or backbone analogue, 

provided that at least one reporter moiety Rp is present. 



2. 



The compound as claimed in claim 1 , wherein Q is 




20 



where Z is O, S, Se, SO, NW or CH 2 , 

R 1 , R 2 , R 3 and R 4 are the same or different and each is H, 
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OH, F, NH 2 , N 3 , O-hydrocarbyl or Rp or-Ln-Rp, 

R 5 is OH, SH or NH 2 or mono-, di- or tri-phosphate or - 

thiophosphate, or corresponding boranophosphate, 

or one of R 2 and R 5 is a phosphoramidite or other group for 
5 incorporation in a polynucleotide chain, or a reporter moiety, 

or Q consists of one of the following modified sugar structures 

Acyclic Sugars 



O 




R= CH 3 , CH 2 OH , H , 



HO' 
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Morpholino Backbone 




i / 

0=P-N 




i 

H 



3. The compound of claim 1 or claim 2, wherein a reporter 

moiety Rp is not present in Q. 

5 4. The compound of any one of claims 1 to 3, wherein the linker 

group Ln is a chain of 1 to 60 carbon, nitrogen, oxygen, phosphorus and/or 
sulphur atoms, rigid or flexible, saturated or unsaturated. 

5. The compound of any one of claims 1 to 4, wherein the 

10 reporter moiety Rp is a signal moiety or a solid surface or a reactive group 
by means of which a signal moiety or a solid surface may be linked to the 
nucleoside or nucleotide analogue. 

6. The compound of claim 5, wherein the reactive group is NH 2j 
15 OH, COOH, CONH 2l ONH 2 , SH, or a thiophosphate or a hydrazine or a 

hydrazide, or an active ester or aldehyde or maleimide. 
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7. A nucleoside analogue comprising a compound according to 
any one of claims 1 to 6. 

8. A nucleotide analogue comprising a compound according to 
5 any one of claims 2 to 6. 

9. The nucleotide analogue of claim 8, wherein R 5 is 
triphosphate. 

io 10. A polynucleotide chain comprising a nucleoside analogue of 

claim 7. 



11. A polynucleotide chain according to claim 10 wherein Q is a 
nucleic acid backbone consisting of sugar-phosphate repeats or modified 

15 sugar-phosphate repeats (LNA), or a backbone analogue such as peptide 
or polyamide nucleic acid (PNA). 

12. A chain extension method which comprises reacting a 
polynucleotide chain according to claims 10 or 1 1 with a primer in the 

20 presence of a polymerase. 

13. A chain extension method according to claim 12 in which the 
primer is chosen to hybrisise with a section of the polynucleotide chain not 
including the nucleoside analogue. 

25 

14. A method of detecting a nucleic acid which contains a 
compound according to any of claims 1 to 6, which method comprises the 
step of detecting the presence of the reporter moiety Rp. 



30 



15. A method as claimed in claim 14 in which the reporter moiety 

is a radioisotope, a stable isotope, a signal moiety or a specific chemical 
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moiety suitable for detecting by spectroscopy, especially mass 
spectroscopy. 



